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THE  MISSION  OF  AOARD 


The  I1.14SIOH  of  AOARI)  is  lo  brum  together  the  leading  personalities  of  the  NATO  nations  in  the  fields  of  science 
and  technology  relating  to  aerospace  for  the  following  purposes: 

Exchanging  of  scientific  and  technical  information; 

Continuously  stimulating  advances  in  the  aerospace  sciences  relevant  to  strengthening  the  common  defence 
posture; 

Improving  the  co-operation  among  member  nations  in  aerospace  research  and  development; 

1‘rovidmg  scientific  and  technical  advice  and  assistance  to  the  North  Atlantic  Military  Committee  in  the  field 
of  aerospace  research  and  development; 

Rendering  scientific  and  technical  assistance,  as  requested,  to  other  NATO  bodies  and  to  member  nations  in 
connection  with  research  and  development  problems  in  the  aerospace  field; 

Providing  assistance  to  member  nations  for  the  purpose  of  increasing  their  scientific  and  technical  potential; 

Recommending  effective  ways  for  the  member  nations  to  use  their  research  and  development  capabilities  for 
the  common  benefit  of  the  NATO  community. 

The  highest  authority  within  AOARI)  is  the  National  Delegates  Board  consisting  of  officially  appointed  senior 
representatives  from  each  member  nation.  The  mission  of  AOARD  is  carried  out  through  the  Panels  which  are 
composed  of  experts  appointed  by  the  National  Delegates,  the  Consultant  and  Exchange  Programme  and  the  Aerospace 
Applications  Studies  Programme.  The  results  of  AOARD  work  are  reported  to  the  member  nations  and  the  NATO 
Authorities  through  the  AOARD  series  of  publications  of  which  this  is  one. 

Participation  in  AOARD  activities  is  by  invitation  only  and  is  normally  limited  to  citizens  of  the  NATO  nations. 


/Vic  cover  photograph  shows  the  .•Iti.  l/f/)  Headquarters 
building  in  I'aris  (Photo:  Courtesy  VS  Hmbassy,  Paris) 
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Foreword  and  Farewell 


The  very  fine  and  inspiring  address  by  General  Miranda,  Vice  Chief  of  Staff,  Portuguese 
Air  Force,  and  Ihe  pictorial  mementos  included  in  this  issue,  will  remind  those  of  us  who 
participated  in  our  Annual  Meeting  in  Lisbon  last  September,  of  not  only  the  gracious 
hospitality  of  Portugal,  but  also  its  conscious  and  active  effort  to  increase  its  involvement 
in  AGARD. 

Our  host.  General  Bourbon,  Portuguese  National  Delegate,  organized  a full  and  most 
interesting  programme  of  activities  on  Portuguese  National  Day.  which  included  the 
informative  scientific  presentations  hy  AGARD  Panel  member.  Dr  Carvalhinhos,  and 
Panel  member-to-be,  Dr  Falcao,  as  well  as  technical  visits  of  three  impressive  sites:  the 
Air  Force  Maintenance  Facilities  at  Alverca,  a Nuclear  Hnergy  Centre,  and  LISNAVE,  one 
of  the  largest  and  most  modern  ship  repair  facilities  in  the  world,  located  just  across  the 
Tagus  river  from  the  capital  city.  Not  the  least  of  the  activities  in  lisbon  was  a series  of 
meetings  in  small  groups  between  some  thirty  Portuguese  scientists  and  officers  of  six  of 
our  Panels.  These  meetings,  organized  thanks  to  the  efforts  of  General  Bourbon,  proved 
quite  successful  and  will  no  doubt  help  enhance  the  scientific  benefits  derived  from 
Portugal's  association  with  AGARI). 

This  issue  also  includes  the  written  version  of  the  excellent  and  comprehensive  view  of 
the  future  of  propulsion  and  energetics  presented  by  Dr  Winterfeld,  the  Chairman  of  the 
Propulsion  and  Energetics  Panel,  at  the  Open  Session  of  the  National  Delegates  Board 
Meeting. 

All  in  all,  the  Lisbon  meeting  was  indeed  a very  successful  one. 

We  now  return  to  a sorrowful  note  on  the  personal  side.  We  are  deeply  saddened  at  the 
passing  away  of  two  very  active  AGARDians,  Professor  Michael  Anastassiades,  National 
Delegate  from  Greece  from  l%0  to  1967,  and  founder  member  of  the  Electromagnetic 
Wave  Propagation  Panel,  and  Owen  Matthews  of  the  United  Kingdom,  member  of  our 
Flight  Mechanics  Panel.  Our  heartfelt  sympathy  goes  to  their  loved  ones. 

This  is  the  year  of  changeover  of  AGARD’s  Chairman/Director  Team.  You  will  find 
herein  biographical  sketches  of  the  incoming  Chairman,  Dr  Alan  M.  Lovelace  of  the 
United  States,  and  incoming  Director,  Mr  Jack  Burnham  of  the  United  Kingdom. 

In  retrospect,  AGARD’s  present  Chairman,  Mr  Frank  R. Thurston,  and  I both  keenly 
sought  and  encouraged  active  participation  of  AGARDians  at  all  levels.  We  felt  that  we 
needed  to  listen  to  the  Nations  and  the  Panels  as  well  as  to  the  needs  of  the  Alliance  as 
a body. 

At  National  level  there  has  been  open  discussion  in  out  National  Delegates  Board 
Meetings  toward  insuring  that  the  interests  of  the  nations  of  the  Alliance,  large  and  small, 
are  properly  understood  so  that  AGARD  can  be  responsive  to  their  needs. 

Within  Ihe  framework  of  NATO,  AGARD  has  actively  responded  to  the  request  of  the 
North  Atlantic  Military  Committee  to  undertake  a study  of  potential  technological 
advances  in  aerospace  up  to  the  turn  of  the  century  and  their  possible  impact  on  military 
applications.  This  major  exercise,  better  known  as  Project  20(H),  was  initiated  under  the 
past  Chairman,  Dr  Alexander  II. Rax,  and  my  predecessor,  Mr  Olav  Blichncr.  It  has 
called  over  the  past  three  years  for  a tremendous  effort  and  extensive  resources  by  the 
nations  of  the  Alliance  which  have  cooperated  and  responded  in  a remarkable  way. 
Project  20(H)  is  nearing  completion  with  final  reports  expected  to  be  issued  toward  the 
end  of  this  year. 

While  today’s  international  environment  makes  us  ever  alert  and  responsive  to  the  more 
immediate  needs  of  the  Alliance  for  defence  planning  purposes,  we  must  not  forget  that 
the  long-term  future  lies  in  maintaining  a sharp  scientific  edge  provided  by  our  technical 
Djncls  which  collectively  form  the  very  backbone  of  AGARD.  A closer  link  between  our 
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Panels  has  been  successfully  achieved  in  ihe  past  two  years  through  semi-yearly  meetings 
ol  1‘anel  l hairmen  organized  ami  conducted  entirely  hy  themselves  with  the  assistance 
ot  their  Panel  Otticers.  I hey  thus  have  a forum  through  which  they  ate  able  to  present 
then  collective  views  to  our  National  Delegates  Hoard  and  to  AliARI)  management. 
I tank  I hurston  recalls  that  this  is  m fact  a return  to  the  onginal  concept  of  1‘anel 
t hairmen  Meetings  of  some  tw enty  yeais  ago. 

In  a parallel  way.  the  creation  of  the  Panel  I xecutives Council, c bailed  in  lotalion  by  its 
members,  lias  proved  to  be  a most  successful  and  effective  venture  within  our  Head 
quarters.  Problems  common  among  Panel  I xecutives  are  aued  and  quickly  resolved  in 
addition  to  which  many  valuable  suggestions  made  by  the  Council  have  been  imple- 
mented and  have  resulted  in  gieater  efficiency  of  operation.  One  example  of  this  is  a 
set  ol  Ali  ARD  opeiational  guidelines,  initiated  by  my  predecessor.  Olav  Ulichnor.  which 
w ere  completed  and  pul  together  by  the  staff  in  late  l‘>7t»,  and  aie  being  kept  current  as 
the  needs  loi  updating  arises.  I hey  have  proven  to  be  invaluable  to  new  as  well  as 
seasoned  members  of  the  AliARD  staff. 

Such  participatory  activities,  encouraging  and  stimulating  all  levels  of  AliARDians  to  air 
individual  and  collective  views,  have  alieady  proven  their  value  in  terms  of  expressed 
needs,  new  ideas,  and  better  ways  to  do  things,  all  of  which  enable  AliARD  to  cany  out 
its  mission  within  the  Alliance  even  more  effectively. 

As  my  term  of  office  approaches  its  end.  I wish  all  AliARDians  continued  success  in  the 
tu’uie  activities  of  this  great  organization,  and  express  to  them,  and  to  my  staff  in  patii- 
culai,  my  sincere  appreciation  for  the  keen  spirit  of  cooperation,  dedication  and  friend- 
snip  which  I have  experienced  over  the  past  ihree  years. 


Robert  H.Rorkegi 
Director,  AliARI) 


Von  Karman 
Medals 


/%  <ti ' ( < Hires  i-  /’,  irrugticsc  I ir  I '<  <n  < 


1 1 10  presentation  of  N on  karman  awards  for  l°  's  took  place  dining  the 
Nth  \lt.\KI)  Uinual  Mooting  in  I isbon  last  Soptomhor  Prof  It  founts 
van  Oostorom  (loft)  of  I ho  Netherlands,  whoso  association  with  the  1 light 
Mechanics  Panel  of  M.  \RI>goes  hack  to  I‘*o0.  was  awa\  in  Utica  at  the 
time  and  so  unable  to  receive  the  award  personalis . Hut  a smiling 
Dr  \le\ander  I lax.  I S National  Delegate,  (above)  was  obvioush  delighted 
to  receive  this  token  of  recognition  of  his  outstanding  contribution  to  the 
work  ol  \t . \ K I > from  the  hands  of  Chairman  I rank  1 Illusion  of  Canada 
I he  silver  medals  are  copies  of  the  original  gold  medal  presented  to 
Dr  Von  karman  each  recipient  receives,  in  addition,  a scroll  hearing  the 
citation  related  to  the  award,  signed  In  the  \C. \RD  Chairman  I he  texts 
ol  the  citations  pertaining  to  l>r  I lax  and  Professor  van  Oosterotn  were 
reproduced  in  out  last  issue  (Highlights  S ’l.on  page  I ’. 
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I 9 7 X ANNUAL  MEETING  OF  THE  A G A R I) 
NATIONAL  DELEGATES  BOARD 

PORTUGUESE  NATIONAL  DAY 


Members  of  the  AC  I A’/)  \alional  Delegates  Hoard  attending  the  /VS  Annual  Meeting 
in  Lisbon  in  September  wire  welcomed  be  the  I ice  Chief  of  Staff  of  the  Portuguese 
Air  Lone,  Ceneral  J M H Miranda  We  repniduee  here  the  text  of  (ieneral  Miranda's 
address,  delivered  on  the  morning  of  Portuguese  \alional  Dae  I luestlay,  /v  September ) 
in  the  impressive  /■'unda^ao  Calouste  Culbenkian  building  in  Lisbon.  In  the  afternoon, 
delegates  wire  invited  to  visit  loeal  technical  facilities  the  famous  I.ISXA  I' I shipyard, 
a \uclear  Lnergv  Centre,  and  a Portuguese  Air  I on  e Maintenance  Facility. 


Welcoming  address  by 


C.l  Nl  K M I M.H.MIK  VNDV.  Vice  Chief  of  Staff.  Portuguese  \ir  force 


Mr  Chairman.  National  Delegates,  Gentlemen. 

It  is  both  a privilege  and  a pleasure  lor  me  to 
welcome  you  to  Portugal  on  the  occasion  of  the  |d7N 
\(i \KI)  Vnnual  Meeting  I am  acting  on  behalf  of  \ir 
I orce  Chief  of  Staff,  (ieneral  I emos  I erreira  He  much 
regrets  not  having  been  able  to  join  you  here  today  due 
to  the  fact  that  he  is  out  of  the  country  It  is.  therefore. 
hi  Ins  name.  and.  m fact,  on  behalf  of  all  the  members 
of  the  Portuguese  Mr  force,  that  I bid  you  a most 
cordial  welcome. 

We  feel  very  happy  to  be  able  to  act  as  host  to  your 
l‘>7X  Meeting  and  we  hope  that  your  work  will  be  truly 
successful.  We  also  hope  that  you  will  be  able  to  escape 
from  the  hard  work  confronting  you  and  be  given  an 
opportunity  to  feel  the  atmosphere  of  cordiality  . friend- 
liness and  warm  sympathy  which  flows  out  from  the 
people  of  this  country,  so  that  you  may  look  back  on 
vour  stay  with  us  as  having  been  a pleasant  visit  as  well 
as  a time  of  fruitful  labour 

Portugal,  the  oldest  nation-state  in  lurope.  is  today 
in  a difficult  situation  as  a result  of  the  deep  political 
and  economic  changes  following  the  end  of  a secular 
presence  m \frica  Once  it  became  confined  to  l urope. 
Portugal  was  naturally  faced  with  the  problem  of 
deciding  whether  or  not  it  should  continue  to  belong  to 
the  North  Mlantic  l reaty  Organi/ation  \s  a matter  of 
fact.  Portugal  has  been  far  distant  from  the  Mliance  for 
over  ten  years,  a period  in  which  no  type  of  military 
assistance  was  granted  to  the  country  After  some 
time  of  inevitable  social  unrest,  but  also  a time  for 
reflection,  our  internal  political  will  asserted  itself  in 
favour  of  Portugal's  remaining  in  essence  a country  of 
Western  l urope.  to  which  it  is  linked  by  strong  cultural 
and  economic  ties  that  will  become  even  closer  when  it 
touts  the  I urope.ni  I conoinic  Community  Vs  a result, 
the  Portuguese  people,  through  their  representatives  at 
the  National  Parliament,  approved  the  continuation  of 
Portuguese  participation  in  the  defence  Mliance  of 
Western  I uropean  countries 

However,  participation  in  the  Mliance  cannot  be 
limited  to  a purelv  political  attitude,  although,  in  small 
countries  such  as  Portugal,  facing  all  kinds  of  depen- 
dencies and  vulnerabilities,  this  assumes  a vital  impor- 
tance in  the  balance  with  resources  and  military  capabi- 
lities |o  counter  any  possible  external  threat,  the 


Portuguese  Wined  I orces  should  have,  in  concept,  the 
capacity  of  dissuasion  and  reaction  necessary  to  elimi- 
nate aggressive  situations  of  low  political  costs,  and  he 
able  to  guarantee  the  tune  needed  to  simultaneously 
develop  the  adequate  and  opportune  external  political 
manoeuver  and  allow  the  Mliance  to  intervene. 

Hut  the  Portuguese  Mined  I orces.  which  in  Vfrica 
gamed  a vast  professional  experience,  are  now  faced, 
when  the  treaty  dispositions  are  enforced  particularly 
its  Article  ' with  an  obsolete  weapons  system  totally 
unsuited  to  meet  the  challenges  of  the  new  situation. 

On  the  other  hand,  the  present  context  is  more 
adverse  to  military  expenditures,  given  the  precarious 
economic  situation  and  the  strong  anti-military  feelings 
that  usually  follow  a state  of  war. 

I he  Portuguese  economy . already  formerly  struc- 
turally  sick,  rapidly  degraded  not  only  as  a result  of  the 
sudden  rupture  of  the  economic  ties  then  existing  with 
overseas  territories,  but  also  as  a consequence  of  the 
repatriation  and  disbandment  of  troops,  the  (lowing 
back  of  more  than  half  a million  Portuguese  who  had 
settled  or  were  born  there,  the  sharp  rise  in  the  price  of 
petrol,  etc 

I he  Portuguese  Mined  f orces  are  thus  faced  w ith 
an  “impasse". 

They  have  commitments  to  honour.  They  are 
experienced  in  active  warfare.  Hut  they  have  not  the 
material  means  indispensable  to  the  fulfilment  of  the 
mission  nor  has  the  country  the  economic  capacity  to 
acquire  them. 

I he  military  budget  for  I *>7S  is.  to  quote  the  Parlia- 
mentary Committee  for  Defence,  one  of  "survival  and 
maintenance"  and  not  a "budget  to  take  off  anil 
modernize".  I his  unfavourable  situation  will  un- 
doubtedly continue  for  several  y ears  ahead. 

Despite  the  black  picture  I have  outlined  to  you.  the 
Portuguese  Mr  force,  with  that  aggressiveness  which  is 
a survival  factor  in  air  combat  did  not  remain  at  rest 
waiting  lor  better  day  s. 

It  has  been  developing  a great  effort  to  modernize 
resource  managerial  methods  both  in  the  personnel 
and  materiel  fields  in  order  to  better  use  what  it  a I reads 
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has  and  what  ii  expects  to  go  I m the  future . I heoredcal 
concepts  liave  boon  brought  up  tv*  via te  I raining 
progianimc*  have  boon  renewed  and  a conxideiahle 
nuinbor  ol  officers  and  sergeants  continue  to  bo  sent  to 
friendly  countries  to  attend  courses  of  many  different 
kinds 

I In*  moans  that  the  Portuguese  \u  f orce  lias  sprung 
forward  into  a bold  and  optimistic  programme  loading  to 
the  acquisition  of  the  skills  necessary  to  efficiently 
explore  new  weapons  \y  stems 

On  the  other  side,  it  has  also  set  up  a fairly  wide 
tango  of  plans  and  programmes  related  tv*  the  improve- 
ment of  the  existing  lleet.  after  a technical-operational 
assessment  ol  then  validity  in  national  and  \ \lt)  terms 
Vn  example  of  this  is  the  study  for  the  up-dating  of  the 
iadai  sy  stem  w Inch  is  being  carried  out  in  close  coopera- 
tion with  the  civilian  counterpart,  under  the  supervision 
ol  I l ROt  ON  I KOI 

Hut  all  these  efforts  are  not  sufficient.  I lie 
Portuguese  \ir  I orce  has  tv)  approach  its  counterparts 
in  the  Mliancc  seeking  aid  as  far  as  its  plans  for  re- 
equipment are  concerned,  so  that  Portugal  may  become 
an  active  member  of  the  Mhance  and  not  merely  a 
passive  "aircraft  carrier  squadron"  anchored  in  south- 
western I mope  where  three  ma|or  currents  of  sea 
tiaffic  meet,  tinsinkahle  but  vulnerable  tv*  hidden 
covetousness  an  I threats 

It  is  also  important  to  bear  in  mind  that  internal 
political  stability  la  basic  condition  for  the  confidence 
that  is  essential  10  an  economic  lake-off)  presupposes 
fhe  existence  of  we II -organised,  balanced. and  motivated 
\tined  I orces.  in  which,  taking  into  account  the  confi- 
guration of  the  operations  threatre.  the  \ir  l orce  has 
necessanlx  a prominent  role  to  play 

Ihe  Constitution  of  the  Portuguese  Republic  attri- 
butes to  the  Vrmed  forces  “the  historic  mission  of 
guaranteeing  the  conditions  that  will  allow  the  peaceful 
and  phuahst  transition  of  Portuguese  Society  to 
democracy  and  socialism". 

"e  understand  this  mission  in  the  sense  of  the  Vrmed 
I orces  not  being  an  active  or  even  “catalyzing"  element 
intervening  in  the  political  process,  but  a stabilizing 
component  ensuring  the  conditions  for  the  regular 
functioning  of  the  democratic  institutions. 

lo  sum  up.  we  are  convinced  that  the  Alliance  will 
be  interested  m making  sure  that  one  of  its  members, 
located  in  a position  of  acknowledged  strategic  value, 
is  not  so  weak  that  it  cannot,  externally  , contribute 
towards  the  collective  defence  of  the  Alliance,  and, 
internally,  guarantee  the  survival  of  democracy  for 
all  these  reasons,  it  is  understandable  that  we  m Portugal 
feel  a special  satisfaction  in  your  presence  and  work  I 
believe  it  is  true  to  say  that  the  Portuguese  people, 
because  of  llieir  history  and  background,  have  alwavs 
had  an  internal  tonal  outlook 

I ach  Portuguese,  looking  up  the  long  length  of  Ins 
personal  familv  tree,  finds  out  that  lus  branches  extend 
over  one  or  more  of  many  different  countries  in  the 
world  Many  reasons  can  be  found  for  this,  but  the 
point  I would  like  to  stress  is  the  keen  interest  the 
Portuguese  have  always  shown  for  the  open  spaces,  for 
the  long  adventurous  tourneys,  lot  descending  into  the 
mysteries  of  the  unknown.  Several  centuries  ago  there 


happened  in  Portugal  the  phenomenon  ol  convergence 
of  the  Mediterranean  and  North  I uropean  (Norman) 
naval  technologies  limit  its  fusion  with  local  teclim 
ques  resulted  the  first  resistant,  manoeuvrable  ships 
strong  enough  to  endure  long  trips  over  the  open,  tin 
known  seas. 

Ihe  way  towards  I uropean  expansion  via  the 
Atlantic  Ocean  was  thus  open  Portugal  was,  by  that 
lime,  a centre  for  research  and  development  of  nautical 
sciences,  particularly  naval  technology,  cartography, 
and  cosmography . 

In  the  present  century . aerial  navigation  methods  and 
instruments  were  developed  in  Portugal,  enabling  our 
crews  to  cover  pre-planned  long-distance  air  routes  over 
the  Atlantic  with  a precision  not  possible  before.  I recall 
the  day  and  night  crossings  of  the  Southern  Atlantic  (the 
Portugal-Hrazil  route)  in  I'*’’  and  1 2 7 . respectively 
I he  methods  and  instruments  used  were  then  adopted 
throughout  the  world  I he  Portuguese  contributions  to 
the  development  of  science  and  technology  related  to 
aerospace  is  now  reduced  to  an  insignificant  value. 

As  tai  as  I know , research  activity  in  my  countty  is 
actually  needing  to  be  re-organized  Ifioadly  speaking,  it 
lacks  functional  planning  and  coordination,  thus  leading 
to  a low  output.  Also,  the  investigator  career  is  poor  I v 
legally  defined  and  financially  supported  so  that  the 
national  potentialities  are  not  attracted  toil.  It  is  none- 
theless true  that  the  matter  is  at  present  being  officially 
discussed  and  has  also  been  taken  up  in  the  mass  media 

If  this  situation  is  an  inevitable  consequence  of  the 
historical  phenomenon  of  the  slow  evolution,  over  the 
centuries,  of  the  cultural  and  political  hegemony  of  the 
temperate  subtropical  and  meridianal  zones  towards  the 
cold,  humid  zones  of  the  north,  if  it  is  an  effect  of  the 
exhaust  of  energies  spread  over  several  continents  as 
a result  of  the  excessive  duration  of  the  colonial  cy  cle.  if 
it  is  an  effect  of  the  Mediterranean  climate,  tempered 
by  the  Atlantic,  so  calm  and  pleasant,  more  likely  to 
invite  to  leisure,  intellectual  speculation  and  verbal 
demagogy  . and  less  fo  tenacious,  objective  work;  if 

These  and  many  others  are  doubts,  polemical  and  also 
in  a certain  way  demagogic,  to  which  I could  not  answer, 
nor  is  it  of  any  interest  to  reply  to  at  the  moment  Ine 
point  is  that  this  North-South  gap  will  tend  to  enlarge 
unless  a closer  relationship  between  the  members  of  the 
Alliance  can  be  established.  This  is  another  strong 
reason  for  us  to  regard  your  visit  with  the  greatest 
interest. 

I see  this  Organization  then  as  being  a source  of 
stimuli  which.  I believe,  will  be  able  tv'  give  incentive, 
lo  guide  and  lo  support  our  own  human  resources  to 
develop  the  most  suitable  programmes  of  research  and 
development,  despite  the  limited  means  we  have  at  out 
disposal.  After  all.  means  are  alway  s limited,  no  matter 
how  large  they  are. 

In  welcoming  to  I isbon  the  distinguished  represen 
tatives  of  NATO  Member  Nations,  on  behalf  of  the 
Air  force  t hief  of  Staff.  I can  do  no  better  than  to  wish 
that  this  Annual  AO  AKD  Meeting  might  he  able  to  fulfil 
its  objectives  and  I do  hope  that  when  you  return  tv' 
>our  countries  you  will  take  with  you  the  pleasantest 
memories  of  your  brief  stay  among  us. 


7 


PORTUGUESE 


I l<  \Ns  \ I I \N  I It  IKK)  Di  John  Mai  till  I centre  I.  I S National  I Morale.  and  Ins  w I IV  in  com ersation 
with  compatriot  John  Walsh,  Wll)  \ssistant  Soci ct a i > Oeneral  for  Defense  Support 


I \KOl  K I KS  I ROM  I III 
I’.JOOO  \ INI  > \KI> 

Jurgen  Wild  (I  KOI  and 
Colonel  (lilbert  Uron(l  rench 
\u  I orcel.  memheis  of 
Ui  \KD's  M il  it  a r> 

Committee  Studies  Division 
cuttetulv  engaged  on  the 
I’roject  ’000  tasls,  in 
com  ei  sat  ion  w it  h Hi  it  ishei 
John  Scot  t \\  i Ison,  Chau  man 
ol  the  I’.dOOl)  Ke\ iew  Hoard 


I ROM  nil  NORIIII  K\  ( I l\ll  SOI  \\m.  I'rom  left  to  right,  the  Netherlands  National  Delegate. 

Mr  sail  dei  Hlieh,  and  his  wife.  Mrs  lager  (wile  of  the  Dutch  National  Coordinator).  Mrs  and 

Mr  II  K Johansen  (Norwegian  National  Delegate),  and  Netherlander  Mi  I’  Kant.  Chairman  of  die  UI  \RU 

(•ind.mee  and  Control  I’anel. 


1 
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i ill  m i iii  \\s 
I OKU.  \ I III  K 
I hr  \ \ 1 1 ' I in.iiu  i.il 
t onuollet . 
Mi  I < eiili'inanv  i It'll  > 
.iiui  Im  cltai  mine  w lie 
m comet  sal  uni  \\  nil 
M.iioi  i .t'lit'i.il 
\ i v I t*i  < .Cotee  .ithl 
M.IIOI  l.l'IU'l.ll  I M.ll.l, 

both  ot  » horn  .in' 
VltlOH.ll  I VIl'sMtl''  li' 
\l.  VKO 


I Kll  \Ds  I KOM  I III  I K( . National  I VI rr .nr 

I I icnes  ( i iiiln  I in  compans  w it  li  I’l  I’  Cluim mu.  (.fit 
\\  init'i  I I'M . w hose  mi  oi  osi  inji  piost'iit.  nitui  in  i lie  \l  'H 
is  ii'piodiiccil  t'l't'u lit'u'  in  this  issue  ol  Highlights 


PANORAMA 


Oi  e occasion  of  the  4mH  U. \RI)  Xitknul  Ddegim 
H".n  : Meeting  ItoKI  in  1‘oiiugal  in  Sopiembct  I'1  v i lit 

I'  ■ National  Vuthnuties  gave  .1  splendid 

Kcceptioii  < . *s k t .11I  I’.nlv  ft • i ilirii  guests  lint  took 
place  at  the  Monsanto  \u  Force  Base,  just  outside  l 
1 .. ' . 1 : o 1 u it s hilltop  sue . duos  \ iii.iciiilui'iil  panoianm 
viv'to  otfi  1 !u-  tin:,  mmling  count  1 \ suit' 

ti'pi.  itf  licit'  v'liic  pli.'ltis  t > t 1 lie  tutjsion.  knulK 
pros  itlcii  to  us  hv  ilic  I'litiloei  jphu  Set  vice  ot  the 
I 1 . \ . I ■ . . 


Wl.lOI  m'ONSOK  I II  M 
Hi  ill'll  National  I Vlcgatc, 

John  Mu'v . til  1 lie  I K Mi  nisi  i \ 
tO  I Vit'iu'c.  'haunt:  a pleasant 
moment  " 11  li  ho  \s  ite  ( leu  I ami 
Mi'  t'aiol  M.i  1 1 in  t'l  lh.'  I S 


The  new  AGARD  Chairman 


In  tbe  course  of  its  meeting  in  I isbon  during  September 
last  year  the  VGVKD  National  Delegates  Hoard  approved 
with  acclamation  the  proposal  to  appoint  Dr  Man  M 
I ovelace  to  the  ( hairmanship  o!  \( . \ KD  lor  the  period 
of  two  years,  lhe  appointment  takes  effect  at  the 
conclusion  of  the  Spring  l‘>7‘>  \I)B  Meeting,  when  the 
outgoing  Chairman.  Mr  I rank  Ihurston,  will  be  handing 
over  the  reins  of  office. 


I)r  Man  M. Lovelace 


Man  M. Lovelace  svus  born  in  St  I’etersburg.  Florida,  on  September  4.  I‘)2‘>.  Shortly  after  the  end  of  the  Korean 
Conflict,  he  served  in  the  I S Mr  I orcc  front  l‘>54  to  l‘>Sb. 

Dr  Lovelace  attended  the  l mversity  of  I lorida.  Gainesville.  I lorida.  receiving  a bachelor  of  Science  Degree  in 
Chemistry  in  l‘>5l,a  Master  of  Science  Degree  in  Organic  Chemistry  in  l‘>52.  and  a Doctor  of  Philosophy  Degree  in 
Organic  Chemistry  in  I ‘>54. 

I ollowing  service  in  the  Mr  Force  Dr  Lovelace’s  entire  professional  career  has  been  in  Government  service,  for  the 
most  part  at  the  Mr  Force  Materials  Laboratory  I MAIL).  W right  Patterson  Mr  Force  Base.  Day  ton.  Ohio.  I here  he 
initially  did  work  in  the  field  of  fluorine  and  polymer  chemistry.  These  efforts,  on  fluorocarbon  and  inorganic 
poly  mers.  extended  the  useful  temperature  range  over  which  polymers  can  he  used. 

In  January  I ‘><>4.  he  became  Chief  Scientist  of  the  Mr  Force  Materials  l aboratory  In  this  role,  he  worked  to  realize 
the  potential  of  very  high-strength,  very  light-weight  fibres  being  consolidated  in  a new  class  of  materials  called 
composites. 

In  he  was  named  Director  of  the  Mr  Force  Materials  Laboratory , and  in  October  l‘>72.  was  appointed  Director 

of  Science  and  Technology  for  the  Air  Force  Systems  Command  at  Headquarters,  Andrews  Air  Force  Base.  Maryland. 
In  this  role  he  provided  technical  guidance  and  management  policy  to  eleven  Mr  Force  Systems  Command  Labora- 
tories. five  l iaison  Offices,  and  the  Command's  l uropean  Office  of  Aerospace  Research. 

In  September  I ‘>7.1,  he  bacante  the  Principal  Deputy  to  the  Assistant  Secretary  of  the  Air  Force  for  Research  and 
Development.  In  this  role,  he  advised  and  assisted  the  \ssistant  Secretary  in  his  direction  of  the  entiie  Mr  Force 
Research  and  Development  Programme. 

In  September  1 ‘>74,  Dr  Lovelace  left  the  Department  of  Defense  to  become  the  Associate  Vdministrator  of  the  N VS  V 
Office  of  Veronaut ics  and  Space  Technology.  -Vs  the  Vssociate  Vdministrator  for  Aeronautics  and  Space  Technology  , 
he  was  responsible  for  the  management  of  the  research  programme  that  will  provide  the  basic  science  and  technology 
advances  that  w ill  be  required  for  future  military  and  civil  aircraft,  and  the  systems  to  exploit  and  explore  space. 

In  June  l‘>7<>.  Dr  1 ovelace  was  appointed  Deputy  Vdministrator  of  N VS  V by  President  Ford. 
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....and  Director 


On  I I ul\  !'•  wlu'ii  the  1'ii'sonl  Ihrectoi  Dt  \ti\KD. 
Dr  Robi'ii  korkegi.  relinquishes  Ins  appointment  ami 
leturiis  lo  the  I s.  u has  heen  recommended  In  the 
National  Delegates  Hoard  that  the  post  he  tilled  In 
Mi  Jaek  Hii  in  ham  ot  the  l k I he  appointment  would  he 
lor  a petiod  ot  three  yea  is 


Mr  Jack  Burnham 


Horn  and  edueated  in  'lorkslnre  hetore  attending  Bristol  I niversity . Jaek  Hiimhain  graduated  in  1R54.  receiving  a 
Haeheloi  ist  Science  degree  with  Special  Honours  in  mathematics,  lie  then  joined  the  Koval  \ircraft  Kstahlishment. 
initially  at  I arnhorough.  moving  to  Bedford  at  the  end  of  l'»55  with  the  \erodynamic  f light  l est  Division. 
Remaining  with  K \l  until  late  I'h'1*,  he  specialised  in  work  on  aircraft  dynamic  response  and.  in  particular,  on  air- 
craft  behaviour  during  flight  through  atmospheric  turbulence,  and  was  responsible  for  the  conduct  of  collaborative 
tuals  with  the  l S and  Canada  involving  flight  measurements  of  turbulence  in  and  around  severe  thunderstorms  and  in 
mountain  wave  conditions 


Jack  Burnham  look  up  a post  with  the  Ministry  ot  IVtence  in  London  in  DI70  w ith  responsibility  for  performance 
aspects  ol  a number  ot  aircraft  then  under  development,  including  Jaguar  and  Haw  k.  In  |d?|  lie  became  an  \ssistant 
Director  in  the  Department  of  Industry  w ith  responsibility  for  the  policy  and  finance  of  civil  research  on  airframes 
and  avionics  returning  to  the  Ministry  ol  Defence  in  l'*'5  as  Director  of  Aircraft  Research.  He  took  up  his  present 
post  as  Director  ot  Resources  and  Programmes,  covering  the  aeronautical  sector  of  the  I k Mmistrv  of  Defence 
research  programme,  in  the  spring  of  l,,7S 
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Prospects  for  Propulsion  and  Energetics 


by 

I (j.Winterfehl 

| 

This  brief  historical  review  outlines  the  step-by-step  enlargement  in  the  scope  of  the 
Propulsion  anil  Energetics  Panel's  activities  over  the  years  the  description  ofPT.P’s 
fields  of  activity  indicates  clearly  its  resulting  interdisciplinary  involvement  and  its 
interfaces  with  other  A(!AKl)  Panels,  e.g..  TMI‘,  T'DPand  SMP.  based  on  an  outline 
of  the  present  status  of  the  propulsion  technology,  the  main  part  of  the  presentation 
concentrates  on  the  major  development  trends  and  problems  expected  within  die 
aero  gas-turbine  propulsion  field  during  the  next  two  decades. 

future  trends  in  ramjet  and  rocket  piopulsion  as  well  as  in  the  field  of  energetics, 
which  is  of  concern  to  the  PEP.  are  outlined,  and  a forecast  given  of  future  PEP 
interests  and  its  scope  of  activities. 

In  conclusion,  the  role  of  PEP  in  the  context  of  future  technical  development . its 
manner  of  approach,  and  its  proper  relation  to  the  demands  of  the  North  Atlantic 
Alliance  are  stated. 


I.  HISTORY  AM)  SCOPE  OF  WORK  OF  AGARD’S 

PROPULSION  AND  ENERGETICS  PANEL 

Twenty-six  years  ago,  in  1952,  the  Propulsion  and 
Energetics  Panel  was  founded  as  one  of  the  original 
technical  groups  of  AGARD.  It  started  its  life  as  the 
Combustion  Panel,  thus  signalling  that  the  main 
scientific  emphasis  at  that  time  was  on  a very  important 
but  limited  part  of  the  energy  conversion  progress  in 
aerospace  propulsion  systems,  namely  on  combustion, 
by  which  chemically-bonded  energy  of  a fuel  is  released 
and  converted  into  thermal  energy.  Several  outstanding 
publications  testify  to  those  early  days'  activities.  Even 
before  the  end  of  the  Fifties,  however,  the  scope  of  the 
Panel  had  broadened  to  include  the  conversion  of 
thermal  energy  into  kinetic  energy;  consequently  its 
name  was  changed  to  Combustion  and  Propulsion  Panel. 
High  Mach  number  propulsion  by  ramjets  and  their 
derivatives,  using  subsonic  and  supersonic  combustion, 
was  the  focus  of  activity  at  that  time.  Another  field  of 
interest  was  added  with  the  advent  of  the  space  age, 


namely,  energy  conversion  for  space  applications, 
ranging  from  chemical  rockets,  to  magnetohydro- 
dynamics, on-board  power  generation  for  satellites  and 
electric  propulsion  systems  for  space  vehicles.  It  was  in 
1965  that  the  panel  adopted  its  present  name: 
Propulsion  and  Energetics  Panel. 

Another  shift  of  emphasis  occurred  in  the  second  half 
of  the  Sixties.  Whereas  up  to  that  time  the  Panel  had 
been  concerned  to  broaden  and  improve  the  funda- 
mental knowledge  needed  as  the  basis  for  advanced 
systems  it  became  necessary  to  take  into  account  also 
the  near-term  needs  of  propulsion  systems.  So  it  was 
quite  natural  that  the  Panel  was  confronted  with  aero 
gas-turbine  propulsion  systems,  their  design,  develop- 
ment and  operation.  A milestone  marking  the  beginning 
of  this  development  was  the  1 966  spring  meeting  on  Gas 
Turbines,  at  a time  when  the  high  by-pass  ratio  turbo- 
fans were  in  their  formative  stage.  Since  then,  the  Panel 
has  devoted  most  of  its  efforts  to  the  needs  of  aircraft 
and  missile  propulsion,  in  accordance  with  the  AGARI) 
charter  and  the  requests  of  the  National  Delegates. 


Or  Winterfeld  joined  the  Institut  fur  Tliermodynamik  und  Verbrennung  of  the 
Deutsche  Versuchsanstalt  fur  l.uftfahrt  in  I IS  7 having  finished  his  Mechanical 
Engineering  studies  at  the  Technischc  Hochschule  Aachen.  There,  he  was  on  the 
research  staff  for  the  investigation  of  blade  cooling.  As  a research  engineer,  he 
concentrated  on  combustion  problems,  combustor  modelling,  flame  stabilization 
and  mass  exchange.  In  OX)  7,  Or  Winterfeld  was  appointed  Head  of  the  Combus- 
tion and  blow  Section  in  the  Institut  fur  l.uftsrralilaniriebc  where  his  research 
activities  covered  the  complete  field  of  the  aero  gas-turbine  and  ramjet  propul 
sion;  in  particular,  combustor  problems,  exhaust  pollution  and  supersonic  combus- 
tion. In  OX)S  he  received  his  degree  of  Doctor-Engineer  and  since  /9  74  has  been 
an  appointed  lecturer  at  the  Technischc  lloclisehule  Aachen.  In  I {>  7.1, 
Or  Winterfeld  became  Head  of  the  Institut  fur  l.uftstrahlantriebe  in  the  Oil  T.R 
and  is  now  the  Director  of  this  Institute,  which  has  been  renamed  Institut  fiir 
Antriehstechnik.  Early  this  year.  Or  Winterfeld  was  appointed  Professor  at  the  Technischc  Hochschule  Aachen. 

Or  Winterfeld  joined  the  AtlAKO  Propulsion  and  Energetics  Panel  in  0)72.  lie  was  elected  Deputy 
Otainnan  in  / 9 7.5,  am!  he  has  send  as  Chairman  of  the  Panel  since  0)77. 
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I he  propulsion  system  of  an  aircraft  or  a missile  is  a 
inajoi  and  complex  subsystem,  the  development  of 
which  still  needs  more  time  than  that  of  an  ail  flame 
It  combines  tnndamenl.il  knowledge  from  seveial  basic 
disciplines  and  conceits  this  into  technologies,  on  which 
the  design  and  development  of  an  engine  and  its  integia- 
tion  into  the  uncialt  system  is  based.  I Ins  process 
1 1 ig  1 1 defines  the  specific  activities  of  1*1  I*  as  well  as 
the  mieitaces  with  out  neighbouring  I’anels.  Our  first 
two  tasks  aie  to  pioduce  and  to  improve  basic  know- 
ledge and  to  convert  ibis  knowledge  into  the  technology 
needed  tor  engine  design.  Here  we  have  interfaces 
principalis  with  I I >1*  and  SMI*.  Our  thud  field  of 
activity . engine  an fiame  integration,  is  highly  mtei 
disciplinary . involving  again  close  contacts  with  FDI’and 
also  with  I Ml'  I he  operational  aspects  of  engines  are 
the  fotntli  aiea,  in  which  the  Panel's  task  is  to  enhance 
the  exchange  ot  experiences  between  engine  useis  and 
designers  I malls  energetics,  out  tilth  field  of  activity, 
concerns  both  the  engine  and  the  aircraft;  it  is  covered 
much  in  paiallcl  with  the  propulsion  activities. 

I iguie  7 provides  a short  survey  ot  key  words 
ch.uacteii/ing  these  five  activities.  I he  fundamental 
knowledge  to  be  consideied  i.inges  from  fluid  dynamics, 
thcimody  naniics,  chemistry,  material  properties,  strue- 
tutes  and  then  mechanical  hehavioin,  to  manufactiiring 
aspects  and  measuring  techniques.  Ilte  technological 
aiea  combines  analytical  procedures  with  experimental 
01  h.udwate  ilevehipments,  such  as  performance  predic- 
tion and  sy  stems  application  studies, design  philosophies, 
component  technologies  including  subsystems,  testing 
techniques  and  power  plant  control.  Integration  is 
Inst  concerned  with  putting  together  inlet,  gas, 
generator,  fan  and  no/./le  or  propulsor  (propeller  or 
rotoi)  thus  forming  the  propulsion  system  and  second, 
with  integrating  this  system  into  the  airframe  and  the 
lligln  control  system.  Hie  operational  aspects  covet  the 
accomplishment  of  missions  for  which  the  engine  is 
designed,  all  the  reliability  aspects  including  health 
monitoring,  maintenance  and  overhaul  as  well  as  in- 
service-deterioration;  furthermore  the  operational 
side  includes  safety  aspects  like  vulnerability  and  lire 
safety,  and  last  but  not  least,  Itfe-cvcle  costs  and  related 
problems.  In  the  fifth  area,  the  Panel  reviews  the 
energetics  aspects  covering  fuels  and  lubricants,  their 
specifications,  qualities  and  availability,  aircraft  fuel 
systems,  as  well  as  on-board  power  generation  for  air- 
eial’i  systems  by  means  of  auxiliary  or  emergency 
powei  to, its,  batteries  and  other  exotic  devices. 

It  s quite  clear  that  a technical  survey  on  such  a large 
field  within  a limited  frame  must  naturally  neglect 
several  important  aspects.  It  is  therefore  our  main  inten- 
tion to  discuss  those  fields  of  propulsion  where  major 
developments  or  problems  will  influence  technical 
piogiess  in  the  next  two  or  three  decades.  1 he  survey 
concentrates  on  military  propulsion  but  takes  into 
account  also  aspects  of  commercial  engines  since  there 
are  cross-correlations  which  have  beneficial  effects  on 
both  sides.  Various  members  of  the  Propulsion  and 
I nerget ics  Panel  as  well  as  colleagues  from  other  organi- 
sations have  provided  me  with  substantial  statements 
and  comments  on  future  prospects  of  propulsion;  in 
pailicular,  I have  lo  mention  lit  A.Wennerslrihn  of 
API.  Dr  J.  Dunham  of  NGI'F,  Mi  A. Jackson  of  Rolls 
Koyce  and  Ingenieur  en  Chef  M.Piattko  of  ONI  RA, 
Mr  ICCiispin  of  MHH,  Di  II.Giieh,  Dr  R.Haucrnfcind  and 
Di  I)  llennecke  ot'  Mil1;  their  most  valuable  and  helpful 


assistance  in  the  preparation  and  the  reviewing  process 
is  gialelully  acknowledged 

: PRESENT  STATUS  OF  ENGINE  TECHNOLOGY 

I o-day's  military  engines  are  the  pioduct  of  four 
decades  ol  breathtaking  development  towards  out- 
standing performance  and  compactness  which  is 
exemplified  impressively  by  the  comparison  (in  Figure  .0 
between  a J7l>.engine,  widely  used  in  many  airfoices  ol 
the  alliance,  and  nnxlern  engines,  like  the  Rif  D>>)  now 
entering  service,  lire  length  of  the  modern  engine  is 
reduced  to  approximately  <>()  percent.  Ilirusi-to-mass- 
ratios  of  military  engines  have  increased  from  values 
about  4 to  presently  7 to  N (I  ig.-H,  and,  as  the  figure 
shows  a similar  piogiess  has  been  achieved  with  commer- 
cial engines,  which  always  have  piolitted  from  the 
technological  development  of  military  engines.  While 
the  simple,  straight  turbojet  governed  the  scene  in  the 
fifties  it  is  now  the  turbofan  with  bypass  ratios  up  to 
I oi  more,  which  sets  the  stage,  (Fig. 5)  thus  bringing 
the  specific  luel  consumption  down  to  values  ol  about 
0.8  kg/daN.h.  at  altitude  cruise  conditions.  With  the 
large  turbofans  lot  civil  aircraft  using  bypass-ralios  in 
the  order  of  4 to  <>  altitude  cruise  specific  fuel  consump 
tion  is  even  lower,  with  figures  around  ().<>  kg  daN.lt. 
Overall  pressure  ratios  are  now  between  70  and  40. 
maximum  turbine  inlet  temperatures  have  risen  well 
above  I (>()()  k lot  military  engines;  for  civil  engines 
these  values  are  between  1500  and  I <>00  k.  Thrust 
augmentation  by  afterburning  increases  the  dry  thrust 
levels  by  NO',  or  more.  At  the  same  tune,  these  modern 
engines  exhibit  laiilv  good  operating  flexibility  and 
mechanical  configurations  have  grown  in  integrity  to 
the  point  of  operation  without  failure  for  many 
hundreds  of  stiess  and  thermal  cycles.  I lie  price  for 
these  impressive  performance  levels  is  a significant 
increase  in  complexity  as  well  as  the  advent  of  new 
problem  areas  such  as  deterioration,  clearance  and 
sealing  problems  or  degradation  of  high  pressure  turbine 
efficiencies,  l itis  in  turn  demands  increasingly  complex 
development  analysis  and  test  procedures,  stringent 
qualification  and  certification  criteria  as  well  as  complex 
and  costly  maintenance  concepts,  finis  life  cycle  costs 
are  increasing,  too. 

4 FUTURE  ENGINE  DEVELOPMENTS  TRENDS 
4.1  Future  Requirements 

The  development  trend  of  future  military  engines 
depends  mainly  on 

the  future  mission  requirements  which  have  to  be 
deduced  front  the  expected  military  threat,  and 
on  the  restraints  set  by  the  resources  available  for 
procurement  and  operation  of  airborne  weapon 
systems. 

I'he  latter  point  is  of  great  concern  presently.  I lte 
decreasing  financial  resources  lot  procurement  and 
operation  of  military  equipment  will  continue  to 
emphasise  the  need  for  design-to-cost  and  for  decreased 
life  cycle  cost.  This  will  influence  engine  design  as  well 
as  engine  usage  in  air  forces,  and  also  maintenance  and 
overhaul  procedures.  Feed-back  from  the  engine  user  to 
engine  designers  must  be  improved  if  continuing 
advances  in  level  of  engine  capability  aie  to  be  main- 
tained. I echnologies  will  be  developed  in  the  next  three 
to  live  yeais  which  will  bring  improvements  with  respect 
to  maintenance  costs,  spare  engine  consumption,  engine 
deterioration  and  unit  combat  readiness.  I lie  improve- 
ments concern  three  areas  engine  structure  including 
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aero  engine  design  above:  RH  1‘W-engine;  below:  J7‘>-engine 
(Courtesy  M I'll) 
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I ig.4  Progress  of  mass  llmist  ratio  ol  aeroengines 
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Ilsiw  pall)  compsiuents,  conliol  systems  anil  advanced 
diagnostics  technisjiifs  lot  impioved  condition  muni 
lining  ami  fault  detection  capability 

New  engines  nia>  be  rx|>ecled  tun  aids  die  end  of 
l lie  I iglilies  in  lalei  sslui.li  take  advantage  ot  (lie  lessons 
leami  ssiili  ameiil  engines  I lies  ssill  eombine 
advanced  jrciloimance  and  ted  need  mivli.iiiu.il  com- 
plexus,  accoidmg  lo  the  spivilic  Inline  mission  leipme 
menis  Although  the  expeeled  nuliiais  lineal  can  be 
pieduied  ssiili  limited  probability  only,  it  seems  lo  be 
cleat  i hat . in  I lie  Inline  as  ss  ell  as  before.  missions  ss  ill 
be  ol  pi  uni-  iiiipoitaiis'c  which  leipme  highest  spsvifk' 
ilnusi  and  high  excess  possei  loi  lliglll  manoeuvres 
llierelore  one  can  expeel  one  ol  i lie  nesv  engine  eon 
eepls  in  be  a dual  floss  path  engine  with  seiy  loss -by 
pass-ratio,  in  the  outei  of  0.2  VI. S ssi  eventually,  a 
sli.uglil  lmboiel.il  igol  IVssuie  lalios.ue  most  likely 
in  i lie  ordei  ot  2d  lo  .'I.  Iiowevei,  these  engines  ssill 
have  tessei  compressor  and  iiirhme  stages  l 'sing 
luiiliernioie  a simplil'ied  alterbiiiuei . a simple  design 
eoneept  ssill  icsuli  ss- Inch  eoiitiibuies  lo  ihvieaseil 
engine  mill  eosis,  tod  need  maiuteuaee  oveihaul  eosis 
as  ssell  as  impioved  leliabilils  High  Imhiiie  inlet 
ieiii|x>ialmes  up  lo  I Still  h ssill  lesull  in  high  speeilie 
t hi  list  levels,  pionusuig  impioved  peitoiinanee  and 
reduced  dimensions,  thereby  lednung  installation  losses 
In  i he  Inline  development  ol  these  types  ol  engines. 
Iinihei  aiiii.nt  performance  nnpiovenients  could  be 
achieved,  il  satiable  geometis  in  the  imbomaclnues  and 
a sanahle  exhaust  no//le  .lie  used  lo  heltei  ni.ilch  inlet 
and  engine  aillloss  thus  leducmg  spillage  losses  and  base 
di ag  I sent iiallx . the  leipuieinenis  loi  the  next  geneia 
lion  ol  engines  svould  also  be  suppleinenled  In  die 
demand  tot  providing  aircraft  contiol  dining  high  angle 
ol  attack  flight . e g by  iluiisi  secloung  there  is  also  a 
ceiiam  piospecl  that  lot  ait  supeiioniy  as  ssell  as  lot 
mleiceploi  ml i inlet  missions  siipeisoilic  lliglll  capahi 
lilies  ai  medium  and  high  altitudes  may  gain  unpoiiauce 
I Ins  svould  influence  the  choice  ol  the  engine  design 
points  so  as  iss  reduce  the  importance  of  afteihmnei 
opeiahon.  loi  example,  to  accelei.uion  peuods  only 
\ second  Inline  iieinl  of  engine  developmenl  may 
emauaie  liom  economic  ami  lactical  leasons,  which 
slemaml  engines  having  increased  multi  mission 
capability  ami  greaiei  opeiatiou.il  llexihiliiy  Suiial'le 
camlislaies  loi  tins  engine  class  aie  In  pass  engines,  i he 
llieiuioilyiiainic  cycle  of  sslucli  can  lie  adjusted 
accoiding  to  deu uiul,  e g.,  lot  high  specific  ilnusi  01 
loss  specific  fuel  consmnpiiou.  Vanahle  geomeiiy  in 
compiessois,  lurhines  ami  exluiusi  nozzles  as  ssell  as  loi 
ilie  bypass  llosv  sphllei  is  needed  in  oidei  toohiaui  the 
icsjuued  slegiee  s»f  controllability  of  airflow  between 
cote  engine  ami  bypass  duel  ( I- ig.  7>.  Digital  control 
systems,  inns  in  development  are  well  suited  lo  bundle 
l lie  lesulimg  uiulliple  control  vanahles  Keganling  the 
expected  weight  increase  ami  lire  incieasesl  complexity 
one  can  sav  that  the  justification  ol  these  engines 
stiongly  slepends  an  the  timin'  pmgtess  in  component 
technology  as  ssell  as  on  the  oveiall  gains  which  they 
promise  loi  the  mission  acconi|>lisluncnt  INesently 
engine  designeis  are  talhei  |vssimislic  about  the  Inline 
ol  tins  engine  calegoiy 

\ sets  sinugeni  iei|iiiiemenl  loi  tin  me  milituiy 
piopulsion  ss  stems  ssill  be  the  leduction  ol  detectability 
by  itifuiod  sensois  01  t.idai,  etc  II  is  necessaiy  lo  ic 
examine  the  design  plulosophs  ol  uulilaiy  engines  ami 
I hen  inlegialion  into  the  aitcrall  mi  oidei  lo  isleniily 


suitable  ajrpioaches  loi  the  leduction  ol  itil'raied  signa 
lilies  ol  engine  exhausts  and  ol  1ad.11  cross  sections  ol 
engine  inlets. 

No  survey  ol  Inline  developments  ol  aeio  gas  tuihines 
would  be  complete  without  a glance  lowaids  cisil 
engines,  because  these  will  have  nilliieiice  also  on  ceiiam 
n ul 1 1 a i x inisMons.  eg  . on  those  ssiili  long  emliii.mce 
I lie  design  ol  Inline  civil  engines  ssill  be  chaiacleiized 
by  t ho  need  lot  fuel  conseivalion  ami  reduction  m 
Dued  0|iei.iling  Costs  (D.l).t  .)  Ol  prune  un|<oilance 
ssill  be  t he  leduciion  ol  t he  specific  fuel  consmn|>iion. 
a'  ssell  as  the  ss  eight  and  dimensions  ot  engines  Studies, 
like  NASA’s  I nergy  I flicieut  I ngitie  1'iogiam,  slioss 
i ha i ilie  use  ol  hoili  advanced  cycles  and  coui|>oneui 
leclmologs  I'lomise  consideiahle  impiovemenls  I ngine 
developmenl  engmeeis  aie  miss  learning  boss  in  ovei 
come  the  piohlems  avsociaied  with  lugli  ieni|ieialtiies 
and  piessmes  in  present-day  huge  engines  l heiefoie.il 
is  expeeled  f hat  engines  lo  he  buill  in  I lie  eat  ly  Nineties 
ssiii  slioss  cycle  piessme  talios  ol  >S  ot  nioie,  imbnie 
enliy  leiti|vi. limes  up  io  INOH  h ami  In  pass  ulios  ol 
(i  01  moie(lig  S)  lieneftls  hoih  loi  fuel  economy  ami 
lot  noise  lesliisTion  ssill  he  achieved  bv  mixing  i lie  bs 
pass  and  coie  iloss  beloie  ilies  leave  (lie  nozzle  Vs 
illusiiaied  in  I igme  *>.  leduclious  m fuel  consmnpiiou 
ol  I’  oi  mote  comi'aicd  lo  exisling  high  by  pass  Hit  bo 
fans  and  in  If. (>.(’.  ol  ai  least  s.  ,ut.  o spec  led 
Kegatdmg  the  mciease  in  fuel  pike,  sslucli  is  .ilmosi 
sine,  these  mipiovemeuts  are  coui|i.uahle  lo  iltose 
achieved  ssiili  the  iulioslucliou  ol  the  lugh  by  pass 
tano  tmholau  leu  seats  ago  One  should  base  in  mind, 
lunsevei.  dial  ilns  progtess  peil.uiis  to  huge  engines, 
above  1 00  I ,'U  N ilnusi,  only  lot  smallei  engines, 
these  progressive  llieimody  mimic  cycles  are  less  l.ivoni 
able  luvause,  due  to  decie.isiug  physical  size  ol  i lie 
engines,  lugltei  losses  ssill  sets  soon  balance  lire 
exjKYted  cycle  ami  efficiency  gains 

Anotliei  iieml  loss  aids  advanced  eneigy  efficient 
inopulsion  sssieins  concerns  die  so-callesl  |uop  Ian 
concejvt.  which  features  advances!  1’iojk'lleis  loi  high 
lliglll  Mach  mmiheis.  using  six  iss  eight  highly  loaded 
blades  ssiili  Mijieiciuic.il  piollles  and  hackis.ud  swee|'  in 
ilie  unis'!  pails  ol  die  blade  lot  uummiziug  ciunpicssi 
bilui  effects.  Imploring  csini|’osiie  sliuclmes  for 
die  blades,  and  adi.uiced  gas  geneialsus  as  pnme  moieis 
using  iheiiusidynaimc  cycles  as  menlumed  above  a 
tin ihs'i  is'sluct ion  m fuel  s's>nsmu|ilisiii  of  Id  Is  is 
t'slimals'sl  m coiii|'.msoii  null  aslvanced  Imbolans 
Such  a is'ltini  lo  the  old  days  of  die  imho|'iop.  Iiowevei , 
would  be  accepted  In  die  an  jiassengei  only  if  die  com 
foil  of  ills' tide  sloes  mil  sleteiiitiule.  On  die  olhei  liaml. 
Is'i  uiilu.iiy  IsMig  eiiilnv.uice  missions,  die  piop  lan  may 
show  significant  benefits,  loi  example  In  mcieasmg  the 
i ,ul nis  of  action  In  so  <>o 

Ilie  eneigy  situation  lias  also  tensed  the  inteiesi  m 
legeneialive  cycle  engines  using  heal  exchangeis  llm 
concept  pioimses  fuel  savings  ol  anoihei  Id  appioxi 
malely.  and  needs  lewei  Imbomaclimeii  stages,  since 
the  optimum  cycle  piessme  ulio  islowei  lluis.il  least 
pail  of  die  csnujilexiiy  ami  weight  aslsls'sl  In  die  heal 
exchangei  can  he  compensated.  Ills'  lealizatiiui  ol  this 
concept , Iiowevei.  sle|k'usls  enlueli  on  die  successful 
slevelopnienl  of  com|iact  ami  liglii -weight  heal 
exchangeis  with  high  elTeeliveness  and  good  icliahihty 
I Ins  I y |'s-  ol  engine  cy  cle  may  |iossih|y  cliaiacieuze  die 
fuluie  slevelopnu'iti  iieiul  of  shaft  power  engines,  e g 
lot  helicopteis,  which  lot  uulilaiy  applications  would 
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I ig  s Details  ol  t ut mo  largo  civil  lurhol.uis 


Development  of  cruise  specific  fuel 
consumption  ot  aeto  gas  turbines  with  time' 


I tg  10  Advanced  furbine  I ngine  lias  Generator  (ATI V*CD.  (Courtesy  Aero  Prop.  lab..  ISA!) 


also  pionuse  j consider able  reduction  in  infrared  signa 
lines 

' ’ Future  Progress  in  tnginc  ami  Component 
I echnogv 

I he  envisaged  impiovements  in  aero  engine  develop 
mem  depend  essentially  on  die  piogiess  realized  in 
component  jnd  snhsysieni  leehnology  lo  aehieve  these 
goals.  engine  and  component  teseaieh  and  development 
piograms  presently  tindei  wav  must  he  continued  or 
estahlished  accoiding  to  specitic  requirements  Since 
lor  miliiaiy  engines  the  future  specifications  ate  not  yet 
known  precisely,  the  technical  expertise  provided  by 
these  technology  ptogtams  must  be  broad  enough  to 
covet  the  w hole  range  of  requirements  likely  to  become 
real  I lie  programs  must  include  the  demonstration  of 
advanced  component  technology  as  well  as  the  evalua- 
tion of  advanced  engine  concepts  by  means  of 
demonstrator  gas-generators. 

f igure  It)  shows  as  an  example  the  Advanced  I urhinc 
t ngme  tias  (Generator  ( VITtAi)  sponsored  by  USAI 
\eio  Propulsion  laboratory,  which  illustrates  the  high 
degree  of  instrumentation  necessary  for  data  collection 
in  such  R A I)  programmes.  This  field  of  engine  and 
component  technology  will  remain  one  of  I’ I P's  main 
working  areas,  where  the  Panel  will  enhance  progress  by 
stimulating  discussion  and  exchange  of  experience  and 
results,  as  in  the  past.  In  the  following  Sections,  some 
areas  will  be  highlighted  where  major  progress  can  be 
expected  and  where  the  PI  P's  future  work  will  be 
focussed . 

T2.  / Aerodynamics  of  I urho machines 

Major  goals  for  the  development  of  advanced  turbo- 
machines  are.  firstly,  to  seek  increased  efficiency  and 
stage  loading,  in  order  to  decrease  the  number  of  stages 
for  a given  pressure  ratio,  and.  secondly,  to  establish 
improved  design  methods  in  order  to  reduce  the  develop- 
ment risk,  associated  with  the  still  widely-used  cut-arid- 
try  methods.  Apart  from  limited  progress  towards 
higher  tip  speeds,  increased  stage  loading  without 
compromising  efficiency  or  working  range  will  benefit 
from  new  blade  profile  designs,  like  the  so-called  super- 
critical blades  for  compressors,  where  losses  can  be 
reduced  by  shock-free  deceleration  on  the  blade  suction 
side.  I ow -aspect-ratio  blading  in  conjunction  with 
advanced  manufacturing  techniques  show  promise  of 
vibration  control  for  fan  blades,  such  that  eventually 
it  will  be  possible,  hopefully,  to  dispense  with  mid-span 
dampers,  which  still  cause  considerable  losses  to-day. 

for  cooled  high-pressure  turbines  it  is  essential  that 
aerodynamic  losses  are  diminished  by  careful  control  of 
cooling  air  admission  and  secondary  flows.  Improve- 
ments in  design  techniques  can  he  expected  from 
advanced  numerical  calculation  techniques  (for  example, 
blade  profiles  can  be  designed  according  to  demand  from 
given  optimized  pressure  distributions,  as  is  the  case  for 
the  above-mentioned  supercritical  airfoils). 

New  diagnostic  tools  like  laser-Doppler  or  laser- 
Iwo-focus  velocimetry  provide  experimental  insight 
into  flow  processes  in  rotors,  hitherto  completely 
inaccessible.  Results  of  this  type,  as  shown  in  figure  1 1 . 
provide  an  excellent  basis  for  the  development  of 
physical  models  on  which  three-dimensional  flow- 
calcuiation  methods  can  be  designed.  These  methods 
will  greatly  enhance  the  design  of  turbomachines. 


especially  those  with  stronger  d-D-effects,  like  fans, 
centrifugal  compressors  and  I I’-turbines.  and  hence 
contribute  to  a more  reliable  engine  design  and  to 
leduced  development  costs. 

.i.2.2  Iligh-tein/Hratun • Technology 

Progress  of  aeto  gas-turbines  towards  higher  thrust 
per  unit  of  air  How  and  improved  fuel  economy  are 
connected  with  higher  gas  temperatures  and.  hence, 
demand  better  higli-tempcraturc  materials  and  improved 
cooling  techniques.  Although  the  prospects  of  conven- 
tional superalloys  are  limited,  now.  some  modest 
increase  in  the  working  temperatures  (approximately 
M)  40  deg.)  or  the  lives  of  turbine  blades  can  be 
expected  from  directional  solidification  or  by  growing 
them  as  single  crystals  ( l ig.  I 2). 

Metal  temperatures  of  approximately  SO  100  deg. 
above  present  values  are  promised  by  eutectic  materials, 
like  COTac  (fig.  1.1).  where  by  a carefully -controlled 
solidification  process,  long  intermctallic  fibres  of  high 
strength  are  formed  within  a ductile  matrix,  futliei 
improvements  in  hot-part  lifetimes  can  be  expected  by 
the  use  of  oxidation  and  corrosion-preventing  coatings. 
If  applied  with  thicknesses  in  the  order  of  0.2  0.4  mm 
these  protective  layers  offer  considerable  potential 
for  lowering  metal  temperatures,  because  they  also 
act  as  thermal  barriers.  These  prospects  are  very 
important  not  only  for  turbines  but  also  for  combustor 
liners,  particularly  in  view  of  alternative  fuels. 

In  the  far  future,  we  may  eventually  use  ceramic 
materials,  like  silicon  nitride  or  carbide,  which  can  be 
exposed  to  gas  temperatures  of  l<»50  K without  protec- 
tive cooling.  In  that  field,  research  and  development 
work  aiming  at  vehicular  gas  turbines  has  achieved 
considerable  progress;  for  example,  rotors  have  been 
spun  successfully  for  25  hours  or  more  at  temperatures 
of  approximately  1500  R.  Once  the  engine  designer 
has  learned  how  to  live  with  the  unfavourable  properties 
of  ceramics  and  design  rules  for  brittle  materials  have 
been  developed,  one  can  expect  these  materials  to  be 
applied  also  in  aero  engines,  at  least  for  static  and 
lightly-loaded  parts. 

As  long  as  metallic  materials  arc  used  at  elevated 
temperatures  in  the  hot  section  of  gas  turbines,  blade 
cooling  has  to  he  applied  and  needs  improvement,  if 
the  ambitious  goals  discussed  above  arc  to  be  realized. 
The  current  film  cooling  technique  lias  to  be  developed 
to  higher  effectiveness  and  to  lower  (low  losses.  In  the 
future  it  will  be  supplemented  by  transpiration  cooling 
techniques,  am!  new  approaches  like  precooling  the 
turbine  cooling  air  may  help  to  bring  about  further 
progress. 

-T.-..T  Advanced  Materials,  Manufacturing  and  Design 
Techniques 

Much  progress  towards  lighter,  more  compact  and 
more  reliable  aero  engines  can  be  expected  from  the 
adoption  of  advanced  materials,  manufacturing  and 
design  techniques.  Due  to  their  good  strength  density 
characteristics,  composites  such  as  boron  fibre 
aluminium  or  carbon  fibre  epoxy  materials  are  very 
promising  for  further  reduction  in  engine  weight.  The 
use  of  the  lallei  material  will  however  be  restricted,  in 
the  near  future,  to  static  parts  like  casings  or  nacelle 
structures  and  much  temains  to  he  learnt  before  it  could 
be  used  in  rotating  parts.  Powder  metallurgy  of  titanium 
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Vray  photograph  of  llw  Rolls  Rovee  Viper  high  pressure  turbine.  showing  gas  path  seal 
(Courtesy  Rolls  Royeel 
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and  lugh-temperature  superalloys  in  connection  with 
manufacturing  techniques  like  hot  isostatic  pressing  will 
allow  compressor  ami  turbine  discs  to  he  made  to  near- 
net  shape  which  can  withstand  higher  rotational  speeds 
and  at  the  same  time  promise  better  fatigue  behaviour  as 
well  as  better  utilisation  of  these  expensive  materials, 
though  partially  in  use  presently,  advanced  manufac- 
turing techniques  like  diffusion  bonding,  laser  beam 
welding,  electron  beam  drilling  or  electrochemical 
machining  w ill,  in  the  future,  allow  production  of  more 
sophisticated  structures,  which  will  contribute  to 
improved  performance  of  the  engine,  and  to  reduced 
manufacturing  costs. 

Advances  in  design  techniques  are  on  the  way  which 
will  allow  a better  thermal  matching  of  static  and 
rotating  parts,  during  transients,  for  example  by  active 
clearance  control  with  compensating  casings  or  by  using 
abradable  sealing  materials.  They  are  based  on  improve- 
ments in  non-destructive  testing  techniques  like  X-ray 
inspection  of  engines,  which  allow  clearance  observation 
during  engine  operation,  as  it  is  illustrated  by  f igure  14. 
Other  techniques,  such  as  performance  monitoring  pro- 
cedures for  registering  fatigue  life  consumption,  and 
improved  in-situ  inspection  procedures  will  increase 
engine  reliability  and  provide  cost-savings  in  the  main- 
tenance and  overhaul  sector. 


.1  2.4  ( V n/ihusti  m and  A f terburners 

Rising  combustor  exit  temperatures,  the  envisaged  use 
of  alternative  fuels  with  higher  C/M-ratios,  the  require- 
ment for  soot-free  combustion  as  well  as  for  low  exhaust 
pollutant  emission  for  civil  engine  combustors  define  the 
frame  of  development  problems  to  be  encountered  with 
advanced  combustors.  Besides  causing  difficulties  with 
generating  suitable  exit  temperature  distributions,  the 
rising  gas  temperatures  influence  mainly  liner  cooling. 
Mere,  improved  and  more  effective  cooling  methods  are 
needed  together  with  better  liner  materials,  e.g..  oxide 
dispersion  strenghened  materials,  in  order  to  ensure 
adequate  liner  life.  This  problem  will  become  even  more 
serious  with  the  use  of  the  alternative  fuels  which  show 
higher  soot  formation  than  with  conventional  fuels.  A 
solution  may  be  expected  from  the  development  of  an 
adequate  control  of  the  combustion  process  (by  using, 
for  example,  more  homogeneous  fuel-lean  mixtures  with 
prevaporisation  or  staged  combustion,  as  required  for 
low-pollutant  combustors  in  civil  engines).  The  develop- 
ment has  to  be  guided  such  that  burner  systems  with 
adequate  multi-fuel  capability  can  be  built.  This 
approach,  however,  will  call  for  improved  ignition 
devices,  capable  of  reliably  relighting  combustors  with 
low-volatility  fuels  in  the  whole  flight  envelope. 
Athough  much  experience  has  been  accumulated  up  to 
now,  combustor  development  still  contains  a great  deal 
of  experimental  cut-and-try  work,  contributing  to 
increased  cost,  because  many  testing  hours  have  to  be 
spent  at  high-pressure/high-temperature  conditions. 
Improvements  can  be  expected  in  this  field  from 
research  work  on  analytical  combustor  models.  This 
will  enable  computational  trade-offs  prior  to  testing  so 
providing  guidelines  to  the  combustion  engineer,  who. 
by  this  means,  will  be  able  to  design  more  rigorous 
testing  programmes.  Turning  to  afterburners,  very 
similar  problems  have  to  be  solved.  Increased  combus- 
tion efficiency  and  lower  soot -format ion  levels  at 
reduced  afterburner  length  for  the  sake  of  more 


compact  engines  demand  improvements  in  fuel-air 
mixture  preparation  without,  however,  enhancing 
combustion  instabilities,  in  particular,  when  alternative 
fuels  are  used.  Here  again,  liner  cooling  will  need 
improvements. 

3.2.5  Power  Plant  Control 

Hydromechanical  control  systems  of  aero  engines 
are  being  gradually  replaced  by  electronic  control 
devices,  and  many  modern  military  engines  are  already 
equipped  with  analog  systems.  However,  the  future  will 
belong  to  digital  control  systems,  in  particular  when 
increased  numbers  of  control  modes  are  involved.  Small 
and  light-weight  computers  will  be  available  very  soon, 
which  are  programmable  and  thus  can  be  standardized 
for  use  with  several  propulsion  systems.  They  will  be 
able  to  handle  also  the  inlet  control,  thus  closely 
matching  inlet  and  engine  airflow,  and  their  integration 
into  a flight  control  system  of  an  aircraft  is  a question 
of  time,  depending  largely  on  the  development  of  flight 
control  system  strategies.  However,  the  non-availability 
of  suitable  sensors  poses  serious  problems  for  the  use  of 
digital  controls  systems,  presently.  Also,  completely 
satisfactory  safety  strategies  must  be  evolved. 

3.3  Integration  into  Airframe 

The  most  important  area  of  integration  concerns  the 
engine  inlet,  because  mismatching  between  engine  and 
inlet  can  cause  considerable  additional  drag  as  well  as 
serious  operational  problems  due  to  engine  surge  or 
blade  vibrations.  Therefore,  although  intakes  normally 
fall  into  the  responsibility  of  the  aircraft  designer,  the 
engine  designer  is  interested  in  a highly  efficient  integra- 
tion ot  the  engine,  the  inlet  and  the  airframe.  Progress 
can  be  expected  from  a better  optimisation  of  inlets  for 
subsonic  and  transonic  speeds.  Another  benefit  could 
come  from  combining  the  control  of  variable  inlets  with 
engine  control,  which  will  be  made  possible  by  advanced 
digital  control  systems,  furthermore,  there  are  pros- 
pects that,  once  current  research  efforts  on  the  statistical 
properties  of  dynamically  distorted  inlet  flows  are 
successfully  completed,  the  need  for  elaborate  inlet 
testing  with  expensive  real-time  high-response  measuring 
techniques  would  be  reduced  considerably.  Thus,  there 
is  hope  for  cost  reductions  in  inlet  design  and  testing. 
Improved  manoeuverability  during  air-to-air  combat  at 
high  subsonic  speeds  demands  wide  incidence  ranges  of 
operation  for  intakes;  therefore  more  experimental 
research  has  to  be  done  on  high-incidence  cowl  lips, 
which  may  eventually  need  the  use  of  variable  geometry 
lips  or  boundary  layer  control.  Similar  requirements 
exist  for  the  integration  into  the  airframe  of  the  nozzle. 
Here,  further  progress  can  be  expected  from  the  develop- 
ment of  improved  convergent-divergent  nozzles  with 
short  length.  In  particular,  for  the  reduction  of  base- 
drag  by  accurate  nozzle  integration  for  twin-engined  air- 
planes the  solutions  presently  available  are  still 
inadequate,  and  much  more  attention  and  work  should 
be  devoted  to  this  highly  important  problem.  Future 
requirements  for  improved  high-angle-of-attack  flight 
capabilities  will  eventually  be  met  by  thrust -vectoring 
nozzles. 

4.  ENERGETICS 

4.1  Future  Aviation  Fuels 

I timing  to  energetics,  the  most  important  and  vital 
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problem  which  wo  have  to  address  is  the  fuel  problem. 
Middle  distillate  hydrocarbon  fuels  are  nearly  ideally 
suited  lor  aviation  purposes,  due  to  their  favourable 
properties  (heat  content,  density,  storability  etc. I. 
However,  as  is  well  known  and  illustrated  by  Figure  15. 
towards  the  end  of  this  century  we  will  be  faced  with  a 
serious  gap  between  the  steadily  rising  demand  for 
hydrocarbon  products  and  the  declining  crude  oil 
supply.  As  aviation  consumes  only  a limited  amount  of 
the  total  sum  of  hydrocarbon  products,  between  (> 
now  and  approximately 10  in  the  Nineties,  this  gap 
means  decreasing  availability,  increasing  competition 
from  other  users,  like  Diesel  engines,  and  hence  increasing 
prices.  It  is  therefore  vital  for  aviation  to  secure  an 
adequate  fuel  supply  at  reasonable  prices;  in  particular 
for  the  airforces.  I wo  ways  will  be  followed. 

lire  first  way  is  to  increase  fuel  availability  by 
widening  the  presently  rather  narrow  specifications  to 
which  an  aviation  fuel  has  to  be  produced.  A proposal 
for  this  is  shown  in  Figure  1 1>.  If  excessive  hydrogena- 
tion is  to  be  avoided,  the  boiling  range  and  the  aromatic 
content  has  to  be  increased  above  present  values  (Jet  A), 
giving  rise  to  combustor  problems,  like  increased  liner 
temperatures,  increased  soot  formation,  increased 
pollutant  production  etc.  The  second  way  which  has 
to  be  followed  is  the  search  for  alternative  fuels,  made 
from  oil  shale,  tar  sand  or  from  coal  liquefaction 
products.  Available  results  of  research  work  in  this 
direction  show  that  these  raw  materials  allow  the 
production  of  adequate  aviation  fuels.  However,  many 
problems  remain  to  be  solved  before  the  use  of  alterna- 
tive fuels  becomes  common  practice.  Much  work  needs 
to  be  done  on  energy-efficient  production  of  new 
hydrocarbon  fuels,  on  methods  of  how  to  overcome  the 
detrimental  effects  of  combustion  of  these  fuels  in  new 
aero  engines,  on  their  compatibility  with  existing  equip- 
ment both  aircraft  and  engines,  which  are  likely  to  be  in 
service  until  the  end  of  the  century  or  longer  on  multi- 
fuel  capability  of  combustors,  which  will  he  required  for 
a certain  time  period,  where  fuels  made  to  old  and  to 
new  specifications  will  be  in  use  at  the  same  time.  It  is 
one  of  the  I’l  P's  future  prime  objectives  to  stimulate 
these  activities  on  an  alliance-wide  basis,  as  will  be  done 
m particular  by  our  new  Working  Group  Old  on 
Alternative  Jet  Engines  Fuels. 

4.2  On-Board  Power  Generation 

Modern  military  aircraft  require  auxiliary  power  in 
the  order  of  150  kW  continuously  and  250  kW  for  short 
periods.  The  trend  towards  more  sophisticated 
electronics  and  weapon  systems  will  eventually  cause 
these  figures  to  rise  even  more.  This  can  seriously 
compromise  engine  performance,  particularly  under 
high-altitude  conditions,  if  the  auxiliary  power  is 
extracted  from  the  engine  shafts,  as  is  the  case  at 
present.  Therefore,  it  is  desirable  to  have  available  an 
independent  continuously-running  power  supply,  the 
output  of  which  does  not  degrade  with  increasing 
altitude.  I bis  demand  is  a considerable  challenge  for 
the  development  of  suitable  power  systems  based  either 
on  gas  turbines  or  on  other  principles.  Furthermore,  the 
use  of  active  control  techniques  in  control-configured 
vehicles  (GCA  ) needs  an  uninterrupted  power  supply. 


electric  or  hydraulic  power.  A suitable  candidate  is  the 
small  gas  turbine  which  can  be  quickly  started  and  run 
up  with  oxygen  before  being  switched  to  air  as  oxidant. 

Figure  17  shows  such  a system  which  is  under  study 
by  the  US-Air  Force  Aero  Propulsion  Laboratory.  On 
the  ground,  it  can  be  used  as  a normal  APU,  using  air 
for  the  combustion  of  kerosene.  Another  alternative 
is  the  use.  in  an  emergency  gas  turbine,  of  a self- 
decomposing  monofuel,  such  as  hydrazine-based  fuel 
or  nitrous  oxide  N;0.  which  decomposes  to  oxygen 
that  can  be  burnt  with  kerosene,  using  the  remaining 
nitrogen  as  dilutant.  Other  possibilities  are  offered  by 
emergency  batteries,  which  are  capable  of  three  to  five 
minutes  of  operation  after  an  electrolytic  liquid  is 
injected.  These  examples  may  show  that  there  is  ample 
space  still  left  for  new  ideas  in  the  development  of 
advanced  on-board  power  systems,  which  can  meet 
future  power  demands.  PI  P will,  in  the  future,  have  to 
pay  attention  to  this  field  which  is  so  vital  for  the  safe 
operation  of  modern  military  aircraft. 

MISSILE  PROPULSION 

Missile  propulsion,  including  rocket  motors,  ram- 
rockets  and  ramjets,  are  of  the  greatest  importance  for 
the  armed  forces  of  the  Alliance.  Recent  years'  progress 
in  the  field  of  target  acquisition,  homing  and  guidance 
techniques  have  led  to  ambitious  concepts  for  advanced 
missiles,  the  realisation  of  which,  however,  needs 
comparable  progress  in  missile  propulsion  technology  . 
Therefore,  main  goals  of  modern  missile  propulsion 
developments  are 

the  improvements  of  fuels  with  respect  to  perfor- 
mance. density  and  detectability  of  the  exhaust 
gas  trails. 

the  increase  of  the  flexibility  of  the  propulsion 
systems  by  thrust  control,  thrust  termination  and 
re-ignition  capability. 

the  increase  of  fuel  efficiency  by  the  use  of  ram- 
jets and  ram-rockets. 

For  solid  rockets  and  ram-rockets  fuels  with  metallic 
additives  are  now  available  which  have  high  densities 
and  high  specific  impulses  in  the  order  of  2b5  270  sec. 
However,  a further  increase  of  these  figures  will  be 
rather  limited.  On  the  other  hand,  the  detectability 
of  exhaust  trails  of  solid  fuel  rockets  has  been  consider- 
ably decreased  by  combinations  of  the  classical  double- 
base and  composite  propellants,  as  well  as  by  the  use  of 
nitramines  as  oxidants.  Here  further  progress  can  be 
expected  in  the  future.  Methods  for  thrust  control  have 
been  found,  permitting  also  termination  and  re-ignition 
of  combustion,  thus  increasing  the  flexibility  of  solid 
rocket  motors. 

In  the  past,  liquid-fuel  rocket  motors  stood  in  the 
shadow  of  successful  solid-rocket  motor  development; 
this  is  very  regrettable,  because  due  to  its  high  potential 
for  thrust  control,  and  hence  manoeuverability.  they  are 
very  well  suited,  in  particular,  for  surface-to-air-missiles. 
However,  meanwhile  much  progress  has  been  achieved 
with  respect  to  their  handling  qualities  and  in  its  modern 
"prepacked"  shape  the  liquid-fuel  rocket  motor  can  be 
handled  as  easily  as  a solid-rocket  motor.  Future 
progress  will  result  from  efforts  towards  improved  thrust 
control  and  reduced  costs. 


in  particular  in  case  ot  a failure  ot  an  engine  or  the  I or  missiles  with  higher-range  requirements  air- 

auxiliary  power  s>  stem.  This  requires  emergency  power  breathing  propulsion  sy  stems  are  gaining  increasing 


cruise  missiles  tor  long  range  low-cost  limited-life  turbo- 
jets and  turbofans  are  best  suited,  ramjets  and  ram- 
rockets  or  ducted  rockets  are  the  prime  candidates  for 
supersonic  flight  velocities  and  medium  range.  Both 
liquid  fuel  and  solid  fuel  ramjets  aie  in  use  or  under 
development  for  the  air-breathing  flight  phase.  An 
example  for  the  latter  type  is  the  engine  for  a I S 
\dvattced  Strategic  Air-laiunched  Missile  (ASAI All. 
shown  m figure  IS  on  a high-altitude  test-ned. 

Alter  the  successful  integration  of  the  solid  rocket 
booster  into  the  ramjet  combustor,  further  progress 
can  be  expected  from  high-density  fuels,  like  liquid 
Shelldytie  blends  or  solid  propellants  with  boron  or,  in 
the  future,  lithium.  furthermore,  improved  thrust 
control  vc  ill  lead  to  higher  manoeuverability  of  missiles, 
particularly  in  the  end-phase  of  the  flight . figure  1 9 
shows  an  example  for  such  a type  of  modern  ducted- 
rocket  engine,  using  a high-density  boron  solid- 
propellent  and  permitting  a three-to-one  throttle  ratio. 
It  was  recently  selected  for  the  use  in  Europe's  future 
air-sea-missile  \SSM 

CONCLUSIONS 

In  attempting  to  summari/e  the  future  prospects 
lor  propulsion,  it  is  on  the  one  hand  sate  to  say  that, 
despite  their  high  technological  level,  modern  propul- 
sion systems  still  possess  a great  potential  for  perfor- 
mance improvements,  the  ex  ploitation  of  which  will  be 
enforced  by  future  mission  requirements  and  the  general 
energy  situation.  On  the  other  hand,  the  increasing 
complexity  of  engines  has  led  to  considerable  increases 
m costs  for  engine  development  and  manufacturing; 
therefore,  international  co-operation  of  engine  manufac- 
turers in  new  engine  projects  is  now  a well-known 
practice.  Since  the  price  to  be  paid  for  future  perfor- 
mance gains  will  certainly  be  higher  than  that  of  fifteen 
or  twenty  years  ago.  it  will  be  all  the  more  important 
to  back  the  needed  progress  by  carefully  selected  and 
well-guided  research  and  development  activities,  in 
w hich  exchange  of  experience  and  data  w ill  be  beneficial 
for  all  sides.  I his  is  the  field  in  which  I’ I P will  carry 
on  with  its  activities,  in  enhancing  discussions  and 
exchanging  experience,  and  in  assessing  the  progress 
achieved  on  those  current  and  adavanced  topics  which 
are  of  high  interest  for  the  Alliance  as  well  as  for 
progress  in  technical  development.  A careful  selection 
of  meeting  and  working  group  subjects  together  with 
advice  in  disputed  or  new  problem  areas  will  help  to 
satisfy  the  needs  of  designers  and  users.  1 lie  main  areas 
of  I’l  P's  future  work  in  the  field  of  aero-turbine  propul- 
sion will  thus  be  the  achievement  of  higher  specific 
power,  better  cost-  and  energy  -efficiency . or  the  reduc- 
tion of  development  risks  by  improved  basic  knowledge 
and  advanced  design  and  calculation  techniques,  new 
digital  control  techniques  and  their  integration  into  the 
aircraft  flight  control  system,  or  improved  engine- 
airframe  integration,  as  well  as  reduced  detectability. 
In  the  field  of  missile  propulsion  both  air-breathing 
and  rocket  PI  P should  enlarge  its  activities  (as  is 
already  the  case),  emphasizing  areas  like  improved 
flexibility  of  solid-fuel  rockets  and  ramjets  or  high- 
performance  fuels.  The  third  aspect  (energetics)  will 
also  receive  proper  attention,  first  in  the  fuel  area, 
the  importance  of  which  cannot  be  over-emphasi/ed. 
and  second  with  respect  to  secondary -power-generation 
for  aircraft,  let  me  conclude  by  re-calling  that  gas 
turbines  are  one  of  PI  P's  main  working  areas.  These 


machines  are  presently  expanding  their  fields  of  military 
application  outside  the  aerospace  field.  They  power 
many  ships  of  the  Alliance’s  navies,  and  there  is  a 
future  prospect  for  their  use  in  battle  tanks,  too.  they 
furthermore  are  expanding  their  share  in  power- 
generation  and  other  industrial  applications.  It  seems 
logical  to  me  that  PI  P should  not  forget  the  specific 
needs  of  these  non-aerospace  applications,  in  order  to 
make  best  use  of  PI  P's  expertise  for  the  benefits  of  the 
Alliance. 
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SUMMARY  OF  1979  MEETING  THEMES 


AEROSPACE  MEDICAL  PANEL 

| 


Specialists’  Meeting  Maintenance  of  Air  Operations  while  under  Attach  with  Chemical  Agents  (Classified  I Recent 
Advances  in  Aeronautical  and  Space  Medicine 

22  26  January  1979.  Brussels,  Belgium 


At  this  meeting,  the  lirst  session  (classified),  entitled  'Maintenance  of  Air  Operations  while  under  Attack  with 
( henucal  Agents’,  will  deal  with  the  chemical  warfare  threat  to  air  operations,  the  effects  ol  chemical  warfare  agents 
their  detection  and  prophylaxis,  the  philosophy  of  protection  against  chemical  warfare  agents,  the  methods  of 
providing  this  personal  and  collective  protection  and  the  physiological  and  operational  penalties  imposed  by  the 
chemical  defence  measures  currently  available  and  under  development  for  aircrew,  l or  the  second  session 
(unclassified),  the  topic  Recent  Advances  in  Aeronautical  and  Space  Medicine’  has  been  retained  from  the  previous 
year’s  programme  to  present  the  significant  medical  advances  regarding  the  problems  of  the  selection  of  aircrew  and 
astronauts,  and  supersonic  and  very  long  duration  flight. 


.Jbtli  Panel  Business  Meeting/Specialists'  Meeting:  Aircrew  Systems  and  Human  Factors  in  Future  High-Performance 
Aircraft.  High-Speed/Low-Level  Flight  Aircrew  Factors 
22  26  October  1 979,  Lisbon,  Portugal 

I lie _ I meeting  will  cover  in  its  first  session  the  subject  of ’Aircrew  Systems  and  Human  Factors  in  Future 
lligli-l  ertormance  Aircralt  . dealing  with  the  operational  characteristics  of  high-performance  aircraft  with  emphasis 
on  the  physiological  and  psychological  effects  imposed  on  the  aircrew.  For  the  second  session,  the  subject  has  been 
chosen  to  review,  modify,  and  improve  current  operating  systems,  define  operational  needs  and  resulting  operational 
conditions,  pathophysilogieal  and  performance  limits,  discuss  methods  to  enhance  performance,  and  improve 
survival. 

A Lecture  Series  will  be  sponsored  by  the  Panel  on  the  subject  of ‘Intensive  Air  Operations:  Problems  of  Sleep 
wakefulness  and  Circadian  Rhythms’  (see  under  the  later  heading  of  Lecture  Series  for  further  details). 


AVIONICS  PANEL 


37th  Panel  Meeting/Symposium.  Avionics  Reliability,  its  Techniques  and  Related  Disciplines 
9 13  April  1979,  Ankara  Turkey 

The  Spring  Symposium  is  entitled  ‘Avionics  Reliability,  its  Techniques  and  Related  Disciplines’.  It  will  seek 
management  and  engineering  approaches  to  definition  (specification)  of  meaningful  reliability  requirements  and  the 
methods  of  achieving  them. 


3Xth  Panel  Meeting:  Modelling  and  Simulation  of  Avionics  and  Command  Control  and  Communications  Systems 
15  19  October  1 979,  Paris,  France 

The  I'all  Symposium  will  examine  ‘Modelling  and  Simulation  of  Avionics  and  Command.  Control,  and 
Communications  Systems'.  With  advances  in  computers  and  component  technology,  simulation  is  being  used 
increasingly  in  avionics  systems.  This  Symposium  will  cover  the  methodology  and  economics  of  simulation,  simula- 
tion languages,  computer  techniques,  and  simulation  applications,  to  provide  an  understanding  of  each  aspect  of 
simulation  to  optimize  its  use  in  the  context  desired. 
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Sy  mpostum  Special  topics  III  III-  Propaitation 
7b  May  I luiiv  I ishon,  Portugal 

Hu-  purpose  of  tins  Symposium  will  he  to  examine  in  depth  the  eurrent  knowledge  ol  III  propagation  in  all 
its  eurrenl  and  eonleniplated  uses,  and  permit  exchange  of  information  concerning  re;|mremenls.  eapahilities  and 
future  research  effort 

7oth  Panel  Meeting  Specialists'  Meeting  terrain  Profiles  and  fonlours  in  I.M  Propagation 
It)  14  September.  SpStunl.  Norway 

I his  Specialists'  Meeting  w ill  address  propagation  problems  associated  with  profiles  and  contours  of  the  terrain 
l heoretic.il  aspects  of  digital  terrain  mapping,  criteria  of  terrain  shielding,  terrain  effects  on  antenna  charactenstics. 
and  subsurface  contours  and  profiles  will  be  examined. 


I LUID  DYNAMIC  S PANI  I 


44th  Panel  Meeting  Symposium  Aerodynamic  Characteristics  of  Controls 
14  IS  May  l'>7‘>,  Naples.  Italy 

I bis  Symposium  will  focus  on  improving  our  understanding  o!  the  factors  that  determine  aerody  namic 
effectiveness  of  controls  flic  (light  envelopes  of  aircraft  are  being  continuously  expanded  and  increasing  use  is 
being  made  of  electronic  technology  to  assist  the  pilot  and  indeed  take  over  this  traditional  role  Much  effort  is  now 
being  applied  to  the  development  of  active  control  technology  involving  the  use  of  controls  in  closed  loop  stabilising 
systems  with  consei|iieiil  design,  handling  and  performance  improvements,  and  thought  is  being  given  to  controls 
suitable  for  direct  lift  (including  side-force)  control 

1 lie  increasing  demands  made  of  controls  call  I'oi  more  accurate  methods  of  predicting  control  characteristics, 
including  interference  effects,  and  exploration  of  novel  methods  of  control.  I liese  include  not  only  the  traditional 
aerody  namic  control  surfaces,  but  also  spoilers,  tailerons.  wingcrons.  Ilaperons,  elevons,  canards,  blown  controls, 
leading  edge  controls,  vectored  thrust  controls,  etc 

file  Symposium  will  aim  to  reveal  the  more  important  problems  with  which  we  are  laced  and  to  determine  the 
lilies  along  which  research  should  prove  most  fruitful.  I xpeiiment.il  data  covering  all  lliglit  conditions  including 
transonic  speeds  and  high  angles  ol  attack  w ill  be  included.  \lso  invited  w ill  be  studies  of  dy  namic  characteristics 
in  manoeuvres,  quick  acting  controls,  effects  of  interference  gaps  and  buffeting,  experiences  gained  in  active  control 
in  direct  lift  systems,  prediction  methods,  and  related  problems  ol  controls  for  missiles 


45th  Panel  Meeting/Symposium  lurbiilent  boundary -laiyers  I xperiments,  theory  and  Modelling 
74  7b  September  l‘>7‘),  Hie  Hague,  f he  Netherlands 


furbulenee  is  the  principal  unknown  in  any  rational  design  of  aircraft.  In  spile  of  very  significant  advances  in 
computing  techniques,  the  modelling  ol  turbulent  shear  Hows  still  lesix  on  quite  insecure  foundations  A better 
understanding  of  turbulent  boundary  layers  is  crucial  loi  lurther  advances  m aircraft  performance  prediction  I In- 
flux of  mass  momentum,  and  energy  in  laminar  How  are  proportional  to  the  local  gradients  of  concentration, 
velocity,  and  temperature  I here  exists  no  sunilai  simple  rule  relating  llux  terms  in  turbulent  llovv  to  the  cones 
ponding  gradients.  In  recent  y ears,  theory  and  modelling  on  one  side  and  experiments  on  the  other  have  followed 
diverging  directions  in  turbulent  research  Recent  experiments  have  demonstrated  the  persistence  of  coherent  struc- 
tures in  turbulent  shear  Hows  and  consequently  have  cast  doubt  on  the  i:  mil  local  transport  relations  and  even  on 
the  usefulness  of  Key  nolds  averaging,  used  in  practically  all  modelling  approaches 


It  is  the  purpose  ol  the  symposium  to  take  stock  ol  the  present  situation  in  turbulence  research  and  to  attempt, 
by  bringing  together  experimentalists  and  theoreticians,  to  map  out  new  diiecbous  i.-  modelling  and  experiment.! 
lion  In  order  to  concentrate  on  one  ol  the  most  important  applied  problems,  the  xv  mposiuiu  deals  specifically  vv  nil 
turbulent  boundary  layers,  in  both  incompressible  and  compressible  fluid  llovv  Invited  papers  will  include  experi 
mental  studies  aimed  at  a clarification  of  physical  phenomena  in  turbulent  boundary  layers,  such  as  the  persistence 
and  interaction  of  turbulent  spots,  the  existence  and  effects  ol  longitudinal  vortices  neat  a solid  boundary . and  the 
mechanism  ol  the  bursting  phenomenon  Also  to  be  invited  are  reports  ol  analy  lical  and  numerical  vvoik  which 
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either  attempts  to  mcoiporatc  the  recent  experimental  findings  into  a lurbulenee  moilel  in  addresses  the  proposition 
that  the  observed  coherent  structure  need  not  be  considered  in  models  aimed  at  a prediction  ol  averaged  boundary 
layei  propel  tics  I mailt , although  luminal  turbulent  transition  is  outside  the  scope  ol  the  symposium,  lesiilts  on 
possible  persistent  alter  ellects  ol  transition  on  the  turbulent  boundary  layer  will  be  solicited 
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■s -l t h Panel  Meeting  Symposuuii  Missile  System  Flight  Mechanics 
.’I  ''May  l*>7‘>,  I oiulon.  United  Kingdom 

Missiles,  like  manned  airciatt.  are  rcipured  to  achieve  certain  goals  in  performance  and  coutrolability,  they  also 
have  to  obey  the  same  laws  ol  dynamics  and  aerodynamics  and,  while  speeds,  rates,  and  dynamic  characteristics  may 
be  very  different,  the  lliglit  mechanics  of  missiles  and  of  manned  aircraft  are  fundamentally  the  same.  For  many 
reasons,  however,  the  application  ol  the  laws  ol  Might  mechanics  to  missile  and  manned  aircraft  design  have  been 
applied  differently  I here  is,  therefore,  much  to  be  gamed  from  a cross-fertilisation  of  the  expertise  in  the  two 
technologies 

It  is  considered  appropriate  that  the  initial  IMP  activity  m this  held  should  be  a restricted  one,  dealing  with  the 
Might  mechanics  aspects  of  air  launched  missiles  (hat  rely  , to  some  extent,  on  aerodynamic  means  ol  achieving  the 
reipiired  control  and  performance  capabilities  I mpliasis  w ill  be  given  to  short  range  tactical  missiles  and  guided 
weapons  of  the  an  to  air  and  air  surface  types,  with  consideration  of  longer  range  an  surlace  missiles  and  ol  systems 
with  a look-down  shoot  down  capability  I he  impact  of  requirements  tor  launch  compatibility  with  fixed  and 
rotary  wing  aircraft  will  be  examined  I he  Sy  mposnun  will  consist  of  live  sessions,  including  a round  table  discus 
sum,  and  a workshop  that  will  present  the  very  latest  results  and  findings  I he  first  session  will  cover  the  complete 
missile,  from  an  overview  of  evolution  and  design  development,  through  current  requirements,  to  a discussion  ol  the 
implications  on  missile  Might  mechanics  of  recent  developments  in  guidance  and  control  systems  technologies,  that 
have  been  made  possible  by  advances  in  solid  slate  avionics  am)  digital  processors  I lie  second  session  will  deal  with 
design  development,  including  such  things  as  preliminary  design  techniques  and  methods  for  meeting  manoeuvre 
requirements  Session  three  will  cover  simulation  and  Might  testing  including  performance,  manoeuvre  and  lut 
simulation,  test  instrumentation  and  techniques  and  range  requirements.  Operational  aspects  will  be  covered  m 
session  four,  with  emphasis  on  experience  and  its  impact  on  future  requirements,  also  the  problems  ol  the  man  m 
the  control  loop  will  be  discussed  f inally,  a round-table  discussion  will  explore  the  beuelits  to  be  obtained  trout  an 
interchange  of  manned  aircraft  and  missile  technologies  and  will  assess  the  possibilities  lor  improved  cost  ellective 
ness 


' 'III  Panel  Meeting  Sx  mposnun  Ihe  Use  of  Computers  as  a Design  Tool 
t 7 September  ll>7‘>,  Munich,  (ierinany 

I he  complexity  ol  aircraft  design  procedures,  the  large  financial  investment  and  technical  ellorts  involved,  and 
the  increasing  importance  ot  the  basic  initial  options  in  any  new  aircraft  programme  require  heavy  reliance  on 
computers  to  generate  valid  and  competitive  solutions  I he  rapid  and  great  advances  ill  computet  hardware  and  soil 
ware,  and  the  more  and  more  specialized  nature  ot  computation,  have  resulted  in  the  generation  ot  a new  breed  ol 
computer  system  engineers  I here  has  been  a tendency  for  two  diverging  groups  to  emerge  one  gioup  highly 
specialized  in  computing  and  know  ing  little  about  design,  the  other  very  tamiliar  with  design,  but  w ith  limited  know 
ledge  in  computing  I his  undesirable  situation  could  be  avoided  by  improving  the  communication  between  the 
designer  and  Ihe  computer  specialist  I here  is  also  a need  to  overcome  the  problems  of  communication  between  the 
designer  and  computer  itself  and  to  handle  the  difficulties  arising  from  the  need  for  perpetual  updating  ol  computet 
programmes 

With  these  points  m mind  it  is  intended  that  this  .Symposium  will  cover  the  topic'  under  loin  session  headings 
Ihe  fust  of  these  will  investigate  the  present  and  future  potential  ol  small  and  large  computet  systems  including  such 
items  as  data  collection  and  optimization  techniques  and  computerised  drawing  Ihe  second  session  will  be  on  the 
use  of  computers  in  aircraft  specification,  covering  such  areas  as  operational  research  and  mission  definition  lot 
military  aircraft  and  market  siirvex  and  fuel  economy  for  commercial  aircraft  I he  third  session,  on  the  compute!  as 
a preliminary  design  tool,  will  examine  the  impact  of  recent  advances  t hese  have  not  only  led  to  the  possibility  ot 
making  more  detailed  studies,  but  also  to  a tendency  for  development  ot  either  a modular  design  process,  with 
numerous  iterations  between  various  specialised  teams,  or  an  integrated  process  based  on  a large  interdisciplinary 
programme,  the  advantages  and  disadvantages  of  these  will  be  discussed  Ihe  linal  session  will  look  at  the  use  ol 
computers  in  detailed  design  and  development.  I he  areas  covered  will  be  aerodynamic  programmes,  including  such 
items  as  wing  design  ami  air  frame  propulsion  integration,  structural  analysis,  including  aeroelasticity  handling 
qualities  interaction  and  flutter,  and  more  general  items  such  as  flight  testing  and  sy  stem  integration  and 


development,  t hroughout  all  the  sessions  emphasis  will  he  placed  on  the  financial  implications  of  using  the  systems 
described  and,  in  particular,  their  limitations. 


GUIDANC’L  AND  C ONTROL  PANLL 


2Kth  Panel  Meeting/Symposium.  Advances  in  Guidance  and  Control  Systems  using  Digital  Techniques  (Classified) 

7 II  May  I Ottawa,  Canada 

I he  Spring  Symposium  ( NA  I'O-CONITDI  N I I AI  ) will  deal  with  applications  of  microprocessors  to  guidance 
and  control,  application  of  advanced  analytic  and  design  methods,  software  design,  simulation  and  validation 
techniques,  multi-sensor  landing  for  increased  performance  and  fault  tolerance,  redundancy  management  and  opera 
tional  and  development  performance  with  these  advances. 


-l,t li  Panel  Meeting/Symposium:  Air  Iraltic  Management:  Civil/Militarv  Systems  and  rechnolugies (Classified) 

X 1 2 October  I *>79,  Copenhagen.  Denmark 

I'he  fall  Symposium  will  focus  on  applications  to  tactical  situations  in  the  NA  I t)  environment,  thus  requiring 
classified  sessions  (NATO-SfCRf  I ),  based  on  the  presentation  of  possible  operational  scenarios,  the  conference  will 
discuss  the  adequacy  of  those  air  traffic  control  concepts  in  current  use  and  critically  review  recent  advances 
including:  digital  data  links,  computer  architecture,  global  positioning,  automatic  distribution  of  information, 
displays,  processors  and  integrated  systems.  I hc  transition  to  a future  civil/military  system  using  the  most  advanced 
techniques  will  be  considered,  and  evolutionary  implementation  schemes  will  be  proposed. 


PROPULSION  AND  L'Nf  RGLTK'S  PANLL 


5.'rd  Panel  Mccting/Sy  mposium  Solid  Rocket  Motor  Technology 
7 6 April  I ‘)7d,  Oslo,  Norway 

I he  Symposium,  on  ‘Solid  Rocket  Motor  feehnology’,  is  aimed  at  furnishing  a comprehensive  survey  of  the 
technology  available  for  solid  propellant  rocket  motors  and  its  further  development  capabilities,  both  research  and 
technology  problems  will  be  discussed.  Separate  sessions  will  be  devoted  to  ignition  and  extinction  problems,  and 
internal  ballistics,  to  the  combustion  of  metals  anil  particles  (considering  both  the  basic  problem  of  single  particles 
as  well  as  the  combustion  of  particle  clouds),  and  to  smokeless  propellants.  Particular  attention  will  be  given  to 
combustion  instability,  its  analysis,  and  relation  with  dynamic  properties  of  propellants  and  comparison  between 
theoretical  predictions  and  observations.  High  frequency  instabilities,  velocity  coupling,  suppression  devices  and  the 
dynamic  performance  of  no/./les  are  important  features  and  will  be  discussed,  l he  Symposium  will  be  concluded  by 
sessions  concerned  with  heat  transfer  in  no/./les  and  no/./le  liners  including  suitable  insulation  materials  as  well  as 
with  testing  and  instrumentation  which  both  will  be  covered  in  the  aspect  of  laboratory  work,  development,  and 
flight. 


54th  Panel  Meeting/Specialists'  Meetings:  Advanced  Control  Systems  for  Aircraft  Powerplants. 

I 5 October  I ‘>7‘>,  Cologne.  Germany  Combustor  Modelling 

rite  first  Specialists’  Meeting  relates  to  the  fact  that  in  recent  years  considerable  progress  has  been  achieved 
in  digital  electronic  techniques  and  their  use  in  control  systems.  This  Meeting  will  review  the  state-of-the-art  and 
discuss  the  optimum  control  strategies  for  aero  engines,  the  possibilities  of  integrated  engine  intake  and  flight  control 
systems  w ith  respect  to  future  military  aircraft,  flic  implementation  of  control  by  advanced  hydro-mechanical, 
fluidic,  or  electronic  systems  will  be  included  and  redundancy  strategies  and  system  integrity  analyzed  and  compared 
with  recent  experimental  experience  of  advanced  engine  controls. 

I lie  second  Specialists'  Meeting  will  deal  with  ‘Combustor  Modelling'.  I bis  Meeting  addresses  research  workers 
of  aero-engine  manufacturers  and  other  related  industries  as  well  as  of  institutes.  Its  objectives  are  to  help  manufac- 
turers in  selecting  and  substantiating  adequate  theoretical  models  and,  on  the  other  hand,  to  provide  university 
researchers  with  knowledge  about  realistic  combustors  and  on  the  experimental  eomlitions  under  which  theoretical 
models  should  be  validated.  Discussions  will  be  focussed  on  purely  theoretical  work  and  its  comparison  with 
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experimental  data.  One  part  of  the  meeting  will  deal  with  elementary  phenomena  like  fuel  injection  and  vaporisa- 
tion. overall  models  of  chemical  kinetics,  aerodynamics  of  primary  and  dilution  zones,  modelling  of  gas  and  metal 
radiation,  and  will  include  non-stationary  phenomena,  e.g.,  ignition  and  instabilities.  In  a second  part,  synthesis  of 
elements  and  application  of  models  to  performance,  operation  and  optimization  of  main  combustors  in  turbine 
engines,  after-burners,  and  industrial  combustors  will  be  discussed  as  well  as  the  pollution  prediction  capabilities, 
e.g.,  the  generation  of  carbon  monoxide,  nitrogen  oxides,  unburned  hydrocarbons  and  smoke. 

l or  the  Specialists’  Meeting  on  ‘Ceramics  for  Turbine  Engine  Applications',  which  will  be  sponsored  by  the 
Structures  and  Materials  Panel,  PEP  will  take  the  responsibility  for  the  session  on  ‘Systems  Design  Analysis'  and 
share  sponsorship  with  SMP  for  the  session  ‘Ceramic  Component  Design  and  Test  Experience’,  as  well  as  for  the 
round-table  discussion. 


STRUCTURES  AND  MATERIALS  PANEL 


48th  Panel  Meeting/Specialists’  Meetings:  Damping  Effects  in  Aerospace  Structures.  Low-Cost  Aircraft  Flutter  Clearance 
I 6 April  1979,  Williamsburg,  USA 

The  Spring  Panel  Meeting  will  include  two  Specialists'  Meetings,  as  follows.  The  main  Meeting  will  be  on 
'Damping  Effects  in  Aerospace  Structures’  which  will  deal  with  the  type  of  aerospace  problem  where  damping  is 
of  crucial  importance  and  for  which  no  systematic  treatment  has  yet  been  attempted  from  a practical  point  of  view. 
The  second  will  be  a one-day  Meeting  on  ‘Low-Cost  Aircraft  Flutter  Clearance'  which  will  review  low-cost  flutter 
prediction  procedures,  especially  with  regard  to  light  airplanes  and  gliders. 

49th  Panel  Meeting/Specialists'  Meeting:  Ceramics  for  Turbine  Engine  Applications 
8 I 2 October  1979,  Cologne,  Germany 

It  is  becoming  increasingly  apparent  that  uncooled  ceramic  components  may  be  one  of  the  best  ways  of 
meeting  anticipated  system  requirements  for  engines  with  higher  thrust-to-weight  and  thrust-per-unit-volume  ratios 
tor  missile  and  RPV  applications.  Many  of  the  programmes  currently  under  way  are  addressing  and  solving  the 
design  problems  outlined  in  a previous  AGARDograph  and  a number  of  important  lessons  has  already  been  learned 
about  the  selection  and  processing  of  ceramic  materials  for  these  applications.  Sharing  this  information  now  and 
updating  earlier  publications  in  this  area  should  greatly  accelerate  the  development  of  ceramic  engine  technology. 

The  Propulsion  and  Energetics  Panel  is  participating  in  the  preparation  of  the  programme  for  this  Meeting. 


TECHNICAL  INFORMATION  PANEL 


32nd  Panel  Meeting/Specialists’  Meeting:  International  Access  to  Aerospace  Information 
16  1 8 October  1979,  Athens,  Greece 

One  of  the  main  elements  of  the  work  of  the  Technical  Information  Panel  is  to  assist  NATO's  aerospace 
research  and  development  activities  by  improving  the  effectiveness  of  scientific  and  technical  information  systems 
throughout  the  member  nations.  The  choice  of  theme  lor  the  1979  Specialists’  Meeting  stems  from  consideration 
of  this  aspect  of  TIP’s  work.  The  Meeting  will  provide  a survey  of  the  existing  facilities  for  international  access  to 
aerospace  information  and  the  problems  involved.  Thus,  examples  of  official  aerospace  information  channels  will 
be  reviewed.  Technical  requirements  and  apparent  barriers  to  international  cooperation  and  data  exchange  will  also 
be  addressed.  Furthermore,  the  Meeting  will  take  notice  of  special  problems  associated  with  aerospace  information, 
such  as  access  restrictions  to  certain  types  of  document  and  full-text  information,  and  the  utilization  of  numeric 
aerospace  data.  It  is  planned  to  terminate  the  meeting  with  a half-day  Workshop  Session  to  address  problems  raised 
by  members  of  the  host  nation  in  relation  to  aerospace  information  in  the  conduct  of  Greek  research  and  develop- 
ment work. 
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Lecture  Series  No. 98  Missile  Aerodynamics  (with  l lu id  Dynamics  Panel) 

5 <>  March  1979,  Ankara,  Turkey 
8 9 March  1979,  Rome,  Italy 
12  l(i  March  1979,  Brussels,  Belgium 

The  course  will  cover  all  the  chief  aspects  of  the  aerodynamics  of  tactical  missiles.  It  will  he  introduced  with  an 
extended  overview  of  the  more  classical  topics,  such  as  How  over  wings  and  bodies,  wing-body  and  wing-tail  inter- 
ference and  aerodynamics  of  complete  configurations.  This  course  will  be  a follow-on  from  the  previous  VKI 
Lecture  Series  organized  in  1 97b,  in  that  the  following  more  specialized  topics  related  to  improved  design  of  missiles 
w ill  be  treated  in  more  detail 

control  of  missiles,  high  angle-of-attack  aerodynamics,  base  flow,  and 
weapon-aircraft  interaction  (stores  and  stores  separation). 

At  the  von  Karindn  Institute  presentation  of  the  Lecture  Series,  VKI  will  sponsor  an  additional  2 Vi  days  of 
lectures  to  cover  the  areas  of  kinetic  heating,  internal  (lows  in  airbreathing  engines  and  external  aerodynamic  aspects 
ot  intakes.  I he  published  Proceedings  will  contain  an  extensive  documentation  of  the  subject  (additional  to  all  the 
oral  presentations)  and  as  such  will  be  a valuable  reference  document. 

Lecture  Series  Director:  l)r  B. I Richards.  Von  karman  Institute.  Brussels.  Belgium. 


Lecture  Series  No. 99:  Aerospaee  Propagation  Media  Modelling  and  Prediction  Schemes  for  Modern  Communications. 
Navigation,  and  Surveillance  Systems  (with  Llectromagnetic  Wave  Propagation  Panel) 

4 5 June  1979,  London.  UK 
14  15  June  1 979.  Boulder.  USA 

This  Lecture  Series  will  review  modelling  and  prediction  topics  which  have  been  presented  at  a number  of 
meetings  of  the  AGARD  Llectromagnetic  Wave  propagation  panel  in  the  last  lew  years.  Modelling  and  prediction 
schemes  of  the  aerospace  radio  and  optical  propagation  environment  based  on  media  characterization  have  become 
essential  to  meet  requirements  of  operational  accuracies  in  communication,  navigation,  and  surveillance  in  military 
and  civilian  systems. 

The  lectures  will  include  the  following  topics: 

General  modelling  and  prediction  schemes. 

Aerospace  (atmosphere  ionosphere,  and  the  space  environment). 

Short-  and  long-term  prediction  techniques  and  agreement  with  observation  data. 

Adaptability  of  prediction  techniques  to  radio  and  optical  communication,  navigation  and  surveillance. 

Systems  operating  in  the  aerospace  environment. 

Effects  of  geophysical  disturbances  on  the  state  of  the  media  and  their  predictability. 

Lecture  Series  Director:  Dr  ILSoieher.  US  Army  Communications  Research  and  Development  Command, 
DRDCO-COM-RL-5.  Fort  Monmouth,  New  Jersey.  USA. 


Lecture  Series  No.  1 00.  Methodology  for  Control  of  Life-Cycle  Costs  for  Avionics  Systems  (with  Avionics  Panel) 

7 8 May  1979,  Bonn,  Germany 
10  II  May  1979,  Athens.  Greece 

The  continually  increasing  costs  of  avionics  systems  during  acquisition  and  their  lifetime  operation  is  a matter 
of  grave  concern  to  the  NATO  family  of  nations.  The  NATO  Governments  need  greater  visibility  and  control  over 
the  life-cycle  costs  of  all  weapon  and  avionic  systems. 

Fortunately,  there  have  been  formulated  disciplined  methods  of  providing  such  visibility  and  control  over  life- 
cycle  costs;  that  is.  over  the  development,  acquisition,  training,  operating  and  support  and.  finally,  disposal  costs. 

This  Lecture  Series  presents  the  basic  principles  of  Avionics  Systems  Cost  Analysis  in  a rapidly  changing 
technology  environment  and  gives  proven  methods  of  achieving  significant  cost  savings. 

The  Lecture  Series  will  cover  the  following  subjects: 

Life-cycle  costing  (LCC) 

Cost  estimating  methods. 

Procurement  techniques. 

Source  selection  methods. 


.11 


' 


Design  to  Cost  (1)10 

DU'  is  ,i  management  concept  with  unit  cost  objectives 
Technology  I-  nv ironnient 

Technology  changes  ailed  the  cost  and  effectiveness  of  avionics  systems 
Costing  ol  Software 

Discussion  of  costs  and  methods  for  reducing  them. 

Modelling 

Mission  Completion  Success  I’rohahihty  Model  tMCSI’t  and  Design  System  Performance  Cost  (DSI’CI  model 
and  other  models  incorporating  reliability  factors  would  be  discussed 

Applications 

This  final  session  deals  with  the  applications  of  the  principles  of  I CC  and  I)  IV  and  the  cost  savings  achieved 
I ecture  Series  Director  Di  I.Ci.tiahelman.  fechnical  Associates  Rome  (NV),  USA 


l ecture  Series  No  101  liuidaiice  and  Control  for  Tactical  Voided  Weapons  with  Tmphasis  on  Simulation  and  Testing 
(with  fiuidance  and  Control  Panel) 

4 5 June  1474,  Koine,  Italy 
7 S June  1474,  Ankara.  Turkey 
I I I : June  1474,  Tgliii  Al  l*.  USA 

With  the  advent  of  modern  control  theory,  a strong  research  effort  has  to  be  undertaken  to  investigate  its 
impact  on  tactical  guided  weapons  To  effectively  accomplish  this  objective,  it  will  be  extremely  beneficial  to 
summarize  the  state-of-the-art  of  guidance  and  control  for  tactical  weapons. 

The  tentative  outline  is  as  follows 

Introduction 

Weapon  delivery  (target.  uci|iiisition  and  weapon  delivery  aspects). 

Missile  dynamics  and  control  techniques  (modern  control  application,  higher  order  guidance,  bank  to  turn 
control). 

Missile  guidance  techniques  (nudeourse  and  terminal,  guidance  sensors,  processing). 

funded  weapon  simulation  techniques  (digital,  hardware-in-the-loop  development,  validation). 

Testing  of  missile  guidance  and  control  systems  (new  range  techniques,  interface  with  simulation). 
Summary  f uture  trends. 

Lecture  Series  Director  Mr  ('  l Manev.  Director.  Plans  and  Research.  USA!  Armament  Laboratory . I glin 
Air  f orce  Base.  Honda  .054:.  USA 


I ecture  Series  No.  107  Bonded  Joints  and  Preparation  for  Bonding  (with  Structures  and  Materials  Panel) 

: J April  1 474,  Oslo.  Norway 
5 (i  .April  1474,  The  Hague.  The  Netherlands 
15  l(>  October  1474,  Dayton.  USA 

After  more  than  ,'t)  years  of  application  in  aircraft  construction  in  roles  w ith  various  degrees  of  structural 
importance,  adhesive  bonded  joints  are  expected  to  see  an  increased  use  in  more  primary  structural  applications, 
both  in  conjunctions  with  metals  as  well  as  w ith  advanced  composites. 

Basis  for  such  advanced  applications  of  bonded  joints,  however,  must  be  ample  know  ledge  of 

structural  design  aspects, 
durability  aspects 

of  bonded  joints  in  order  to  provide  the  required  static  and  dynamic  strength  of  the  bonded  structure  during  its 
operational  lifetime.  With  these  demands  in  mind  lectures  are  planned  under  the  following  headings 

Operational  experience  with  adhesive  bonded  joints  in  military  and  civil  aircraft 
The  adhesive  bonded  joints  as  a fastening  element  in  structures, 
fracture  mechanical  aspects  of  adhesive  bonded  joints  and  structures. 

Materials  and  processes  for  adhesive  bonded  joints  with  optimum  durability. 

Special  quality  assurance  aspects  of  adhesive  bonded  processes. 

Non-destructive  end-product  inspection  methods. 

I ecture  Series  Director  Mr  K J Sclihekelmann.  fokker  WTWUV.  Technological  Centre,  Schiphol,  The 
Netherlands. 


Lecture  Series  No.  103:  Non-Destructive  Inspection  Methods  for  Propulsion  Systems  and  Components  (with  Propulsion 
and  Energetics  Panel) 

23  24  April  1 979,  London,  United  Kingdom 
26  27  Apnl  1979,  Milan,  Italy 

The  safety  of  use  of  mechanical  systems  is  dependent  on  the  identification  of  possible  defects  in  their  compo- 
nents. This  applies  particularly  to  turbine  engines,  certain  elements  of  which  in  particular,  turbine  and  compressor 
discs  and  blades  are  subjected  to  extremely  severe  stresses:  creep,  low  cycle  fatigue,  thermal  fatigue. 

These  possible  defects  must  be  detected  when  the  various  parts  are  at  the  manufacturing  stage,  on  the  one 
hand,  and.  on  the  other,  during  periodic  inspections  when  the  engine  is  in  service. 

It  is  therefore  indispensable  to  have  available  non-destructive  inspection  methods  which,  while  they  are  accurate 
and  sensitive,  can  be  used  in  workshops  for  the  detection  of  defects  or  cracks,  however  small  they  may  be. 

A considerable  amount  of  research  work  has  been  conducted  in  this  field  on  the  world  scale  and  has  led  to  the 
development  of  various  methods:  ultra-sonics,  magnetic  inspection.  X-ray  pictures.  New  procedures,  which  are 
complementary  to  these  already  conventional  methods,  are  in  the  process  of  development  or  optimization: 
acoustical  emission,  laser  holography,  Eddy  currents,  etc... 

The  aim  of  this  Lecture  Series  is  to  survey  the  means  currently  available,  with  particular  emphasis  on  the 
intrinsic  possibilities  and  present  limits  of  use  of  the  non-destructive  inspection  methods  the  most  widely  applied 
to  turbine  engines,  and  to  define  the  state-of-the-art  of  the  most  advanced  methods. 

Lecture  Series  Director:  Ingenieur  en  Chef  G.Bessonnat,  Direction  des  Recherches,  Etudes  et  Techniques, 

Paris,  France. 

Lecture  Series  No.  104:  Parameter  Identification  (with  Flight  Mechanics  Panel) 

29  30  October  1979.  Delft,  The  Netherlands 
I 2 November  1979,  London,  United  Kingdom 

The  technique  of  Parameter  Identification  has  been  underdevelopment  in  a number  of  countries  in  recent 
years  and,  specifically,  its  application  to  the  problems  of  analysis  of  (light  test  data  has  been  examined  by  all  the 
major  NATO  nations.  As  the  last  AGARD/FMP  meeting  on  this  subject  was  held  in  1974,  it  was  considered  appro- 
priate to  bring  together  a number  of  experts  in  this  field  with  a view  to  updating  the  information  available  and,  in 
doing  so,  present  it  in  the  form  of  applications  data  and  user  experience  so  that  it  would  be  of  practical  value  to  the 
(light  test  engineer. 

The  lectures  would  examine  basic  theory  and  a number  of  applications  of  that  theory  to  various  areas  of  flight 
test  work.  The  subjects  covered  include  such  topics  as  coefficient  estimation  including  stability  and  control 
derivatives,  performance  and  high  angle-of-attack  parameters,  structural  mode  identification  and  turbulence,  types 
ot  manoeuvre  required;  the  purpose  of  parameters  including  vehicle  compliance  with  specifications,  definition  of 
characteristics  for  simulation  or  refinement  of  configuration,  and  research  to  aid  future  design. 

Lecture  Series  Director:  Dr-lng.  P.Hamel.  DFVLR,  Braunschweig,  Germany. 

Lecture  Series  No.  105:  Intensive  Air  Operations  - Problems  of  Sleep,  Wakefulness  and  Circadian  Rhythm  (with 
Aerospace  Medical  Panel) 

I 2 October  1979,  London.  United  Kingdom 
4 5 October  1979,  Paris,  France 
9 10  October  1979,  Toronto,  Canada 

The  Lecture  Series  is  intended  for  those  concerned  with  the  management  of  civil,  and  particularly  military, 
personnel  who  have  to  cope  with  irregular  work  and  rest.  It  will  provide  an  understanding  of  the  physiological 
processes  involved  in  the  adaptation  of  man  to  disturbed  sleep  and  wakefulness,  and  consider  approaches  to  the 
problem  of  management  including  the  use  of  drugs. 

The  lectures  will  be  given  in  three  parts: 

1 . Sleep,  Wakefulness  and  Circadian  Rhythms.  Physiological  and  Psychological. 

2.  Adaptation  of  Man  to  Disturbed  Sleep  and  Circadian  Rhythmicity. 

3.  Management  of  Irregular  Rest  and  Activity. 

In  this  first  part,  attention  will  be  given  to  the  physiological  basis  of  sleep,  wakefulness  and  circadian  rhythms 
and  the  psychological  correlates  including  performance  relevant  to  personnel  involved  in  skilled  activity.  The 
second  part  will  review  studies  on  the  adaptation  of  man  to  unusual  patterns  of  rest  and  activity  with  special 
reference  to  present  day  situations,  and  the  third  part  will  attempt  to  provide  a basis  for  the  management  of 
disturbed  rest  and  the  rationality  for  the  use  of  drugs. 


I he  series  is  designed  lor  a wide  range  of  interests  in  both  the  civil  and,  particularly,  the  military  context,  and 
lor  the  land,  sea  anil  air  environments.  A particular  feature  will  he  the  opportunity  for  participants  with  special 
interest  in  the  management  of  such  problems  to  take  part  in  discussions  with  the  lecturers.  It  is  intended  that  the 
participants  will  include  managers  and  operation  staff  as  well  as  medical  officers. 

Lecture  Senes  Director:  Wing  Commander  A. N. Nicholson,  RAF  Institute  of  Aviation  Medicine,  Famhorough. 
Hants  1>U  14  6SZ,  UK. 


MILITARY  COMMITTEE  STUDIES 


I bth  Meeting  ot  the  Aerospace  Applications  Studies  Committee  (Classified  I 
14  15  May.  Washington,  United  States 

The  Committee  will  finalize  the  Terms  of  Reference  for  the  topics  selected  by  the  National  Delegates  Board 
as  ASS  Nos.  I 2 and  1 3.  They  will  also  organize  the  Working  Group  No.  I 2 which  is  going  to  start  a new  ASS  in 
July  1979  if  so  decided  by  the  National  Delegates  at  their  Spring  Meeting. 

4th  Meeting  of  the  P-2000  Review  Board  (Classified) 

16  IS  May.  Washington,  United  States 

I he  Review  Board  will  receive  the  final  briefings  from  the  three  Study  Groups  on  their  respective  studies. 

SG  I Attack  of  Surface  Targets 
SCi  2:  Defence  Against  Missiles 

SG  3:  Detection.  Location  and  Recognition  of  Ground  Targets 
and  give  ultimate  guidance. 


5th  Meeting  of  the  P-2000  Review  Board  (Classified) 

19  21  November  1979,  Munich.  Germany 

I he  Review  Board  will  conduct  the  final  review  of  the  three  Study  Reports  and  the  overall  Executive  Report 
from  the  Studies  Coordinator. 

This  should  be  the  last  meeting  of  the  Review  Board. 


I 7th  Meeting  of  the  Aerospace  Applications  Studies  Committee  (Classified) 

22  23  November  1979,  Munich,  Germany 

The  Committee  will  conduct  the  initial  review  of  Study  No.  I 2 if  previously  started,  draft  Terms  of  Reference 
of  Study  topics  proposed  by  the  Military  Committee  and  organize  Working  Group  for  Study  No.  1 3. 
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MICHAEL  ANAST ASSIADES 

li  is  with  deep  legiel  (li.It  we  nvoi.l  the  death  ol  IV.lov.or  Muluol  Vnasta ssiades,  alter  a lioail  attack.  on  _'S  October 
I » 7S 

Horn  hi  I'HP1  MkIi.ioI  Vna.las.iadcs  giaduated  liom  the  l mveisitv  of  Vtlieus  and  obtained  a doctor's  degree  from 
(ho  same  univoiMtN  following  .iiMilion.il  studies  at  the  Institute  l tectioieclum\ue  at  Crenohle  and  at  the  leole 
supeiieure  .11  leoinoite  .lo  Pans.  in  1*07  he  heoanie  a leotutei  in  applied  phvsics  at  the  t miersitv  of  \ilion\.  with 
subsequent  appointments  a.  assistant  professot.  associate  ptolessot,  ami  .lireolor  of  the  ionospheric  institute  ol  the 
National  Obsctvaloiv  ot  Vtlieus  In  I'hsl)  he  was  appointed  a lull  professoi  at  the  l nivetsits  ot  \tliens  and  .lireotoi 
ol  the  pin  steal  eleetionies  laboiatoiv 

Since  1°'  IVol  Vuastassia.les  h.u I heen  associate.!  with  U.  Visit,  fust  as  one  of  the  foundei  memheis  an.l  latei 
t l'*ol  o'l  as  sliaii man  ol  the  committee  which  is  now  the  I Icctromagiictic  Wave  Piopagation  I'anel  (I  1*1’)  I nun 
I'h.U  to  l'ii>'  he  was  a National  I 'elesia te  ol  Crceco  In  ll)  he  again  ioine.1  the  I I’I*  Vmong  other  activities 
within  NVIO.  he  hast  tepiesente.1  C.ieece  in  the  Science  Committee  ami  lu.l  heen  director  ol  V.ls ance.l  Stud) 
Institutes 

1'iot  Vuastassia.les  will  he  retneiuhete.l  lot  his  ra.liairt  petsoualus  an.l  as  a scientist  of  lsijs.lv  international  reputation 
well  piosen  In  Ins  niinieroiis  scientific  piihhc.it  ions,  among  them  several  contributions  to  VC  VKD  Ihs  main  lie  Ms 
ol  actiutv  were  electromagnetic  wave  propagation  ami  ionospheric  plnsics,  space  plnsics  ami  ra.lio  ineteorologv 
lie  was  Vice  Piesi.lent  ol  the  Hellenic  committee  ol  the  l RSI  t International  In  ion  of  Ka.lio  Science)  ami  I’resulent 
ol  the  Hellenic  Pin  sical  Socielv 

With  the  death  ot  Michael  Vuastassia.les  V.VKD  lias  lost  a tnen.l  an.l  supporter,  nr  mourning  lus  passing  we  offei 
In.  Iannis  oui  lie.nl tell  sviupatln 


VII  memheis  ol  VCVKD,  whetliei  National  Delegates,  Panel  Memheis 
oi  Vt.  VKD  Staff,  ate  eot.liallv  invited  to  suhmit  articles  likelv  to  he  of 
interest  to  other  VCVKD  members  for  the  nest  issue  of  VliVRD 
Hit  .III  It  ill  I S which  "'ll  appear  m the  Vutiimn  of  ll>'‘)  Vrtieles 
should  he  addressed  to 

Scientific  Publications  I scculive 

VC  VKD  N V I O 

7,  rue  Vncelle 

***  *00  Neuillv  sin  Seme 

I ranee 

ot . from  I S and  Canada  onlv 

VC  VKDN  Vlt) 

Vl’t ) New  V oik  O'* ' 1 7 


NATO  ^ OTAN 

7 RUE  ANCELLE  92200  NEUILLY  SUR  SEINE 
FRANCE 

Telephone  745.08.10  • Telex  610176 


A(.ARL)  does  SOT  hold  stocks  of  AGARD  publications  at  the  above  address  for  general  distribution.  Initial  distribution  of  AGARD 
publications  is  made  to  AGARI)  Member  Nations  through  the  following  National  Distribution  Centres.  Further  copies  are  sometimes 
available  from  these  Centres,  but  if  not  may  be  purchased  in  Microfiche  or  Photocopy  form  from  the  Purchase  Agencies  listed  below. 


BELGIUM 

Couadonnateur  AGARD  VSL 
Etat  Maior  de  la  Force  Aerienne 
(Juartier  Reme  Elisabeth 
Rue  d'Evete.  1 140  Bruxelles 

CANADA 

Defence  Scientific  Information  Service 
Department  of  National  Defence 
Ottawa.  Ontario  K 1 A OZ2 

DENMARK 

Danish  Defence  Research  Board 
Osterbrogades  Kaserne 
Copenhagen  0 

FRANCE 

O VE  R A (Direction) 

24  Avenue  de  la  Division  Leclerc 
42  Chatillon  sous  Bagneux 

GERMANY 

Zcntralstelle  fur  Luft-  und  Raumfahrt- 

dokumentation  und  information 

c o Eachinformadons/entrum  Energie. 

Physik.  Mathematik  GmbH 

Kernlorschungszentrum 

7514  Eggenstein-Leopoldshafen  2 

GREECE 

Hellenic  Air  Force  General  Staff 
Research  and  Development  Directorate 
Holargos.  Athens,  Greece 

ICELAND 

Director  of  Aviation 
c o Flugrad  “ 

Reykiavik 


NATIONAL  DISTRIBUTION  CENTRES 
ITALY 

Aeronautica  Militare 

Ufficio  del  Delegato  Nazionale  all' AGARD 

3.  Piazzale  Adenauer 

Roma/EUR 

LUXEMBOURG 
See  Belgium 

NETHERLANDS 

Netherlands  Delegation  to  AGARD 
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